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i his time with a superior quality synthesized 220 
MHz hand held transceiver. With an S-2 in your 
car or pocket you can use any 220 MHz repeater in the 
United States. It offers all of the advanced engineer 
ing. premium quality components and exciting 
features of the S I. It is completely synthesized, 
offering 1000 channels in an extremely lightweight 
but rugged case. 

If you're not on 220 it's about time you try it and this is 
the perfect way to get started. With the addition of a 
matching Tempo solid state amplifier you can use 
your S-2 as a powerful mobile or base station as well 
It's all you really need. And if you already have a 220 
MHz rig. the S-2 will add versatility you never dreamed 
possible. 

Also, the price is right. The ni cad battery pack, 
charger, and telescoping whip antenna are included. 
Although not a necessary option, the touch tone pad 
shown in the illustration adds greatly to its conven¬ 
ience at a low price. 

The time has never been better to expand your 
horizons...there has never been a better little rig for 
220 than the S-2. 


The Tempo line also features a tine line ot extremely compact 
UHF and VHF pocket receivers They re low priced, 
dependable and available with CTCSS and z-lone decoders 
The Tempo FMT-2 & FMT-42 (UHF) provides excellent mobile 
communications and features a remote control head lor hide¬ 
away mounting 

The Tempo FMH-42 (UHF) and the NEW FMH 12 and FMH-15 
iVHFi micro hand held transceivers provide 6 channel 
capability dependability plus many worthwhile lealures al a 
low price FCc type accepted models also available 
Please call or write lor complete information Also available 
trom Tempo dealers throughout the U S and abroad 


11240 W Olympic Blvd 
931 N Euclid Anaheim 
Buller Missouri 64/JO 


NCE AGAIN... 
TEMPO IS FIRST 


SPECIFICATIONS 

I requency Coverage 
Channel Spacing 


Power Requirements 
Current Dram 

Batter k*S 

Antenna Impedance 
Dimensions 


RF Output 
Sensitivity 
Price .. S349 00 

With touch tone pad $399 00 


?20 to 225 MH/ 

Receive every 5 KH/ 
transmit Simple* or 
1 6 MH/ 

9 6 VDC 
17 ma* standby 
600 ma-transmit 
8 pieces ni-c.ad 
battery included 
60 ohms 

40 mm * 6? mm * 

165 mm 1 1 6 * ? 6 
* 65 i 

Better than t S watts 
Better than 5 microvolts 


SUPPLIED ACCESSORIES 

Telesi opinq whip antenna ni-cad 
battery pack charger 

OPTIONAL ACCESSORIES 

• • 

burst generator $2995 • CTCSS 

I • 

Rubber ffe* antenn.i ir. • ( earner 
holster $16 • Cigarette* lighter ping 
mobile , barging unit $b • Mat' fnng 25 
watt output 13 8 VDC power amplifier 

(S 25 1 $89 • Matt hmg fS watt outf ut 
power amplifier iS-76i $169 


The TEMPO S-l. Thu worlds first synthesized ? meter 
hand held transceiver Us superb engineering and top quality 
components give it an uncommon degree of reliability a tact 
now proven hv the thousands ot units in use worldwide 


TEMPO VHF & UHF SOLID STATE POWER AMPLIFIERS 

Boost your signal. . . give it the range and clarity ot a high powered base 


station. VHF (135 lo 175 MHz) 



Drive Power 

Output 

Model No 

Price 

?W 

130W 

130A02 

S209 

tow 

13QW 

I30A10 

$189 

30W 

130W 

130 A 30 

$199 

2W 

ROW 

B0A0? 

SI 69 

10W 

SOW 

80AI0 

SI 49 

30W 

HOW 

80A 30 

5159 

?W 

50W 

50 A0? 

$129 

?w 

30W 

30A0? 

S 89 


UHF (400 to 512 MHz) models, lower power and FCC type accepted models 
also available 


Los Angeles Calil 90064 213 17/ 6701 
Calil 92801 7141 77S 9200 

816 679 3127 


N(W TOLL FREE ORDER NUMBER |B00| 421 6631 

For all stales except California 

Calif residents please call collect on our regular numbers 


Hem Min 

Ptitm viti|«*. t in i hiinqn wdinMii imiIm r 





Heathkit service is at the other end 



(616)982-3296 WA8ZVO 


Heathkit Service Techs know their stuff and 
you can count on them for answers on any 
Heathkit HAM gear. Most problems can be 
solved right over the phone. Those that re¬ 
quire hands-on service can be brought to 
one of the 55 Heathkit Electronic Centers 
throughout the U.S. or sent in to the Heath¬ 
kit factory. Either way, you'll find reliable, 
experienced people who know what they're 
doing. And that's a very good reason to con¬ 


sider Heathkit when you're considering 
amateur radio gear. 

free catalog 

For all the newest in Heathkit Amateur 
Radio, send for the latest, free Heathkit 
Catalog. It's loaded with nearly 400 exciting 
kits for your home, work or pleasure. Send 
for yours today or pick one up at your 
Heathkit Electronic Center. 


Heathkit* 


Heath Company, Dept. 122-590, Benton Harbor, Ml 49022 

Heathkit Products are also sold at Heathkit Electronic Centers 
(Units of Schlumberger Products Corp.) in major cities throughout the U.S. 
See your white pages. 


HEATH 


Schlumberger 


AM-397 






MCUH GRANDMASTER 

NEW! MEMORY KE YERS 

At $139.95 this MFJ-484 GRANDMASTER 

memory keyer gives you more features per dollar than any other 
memory keyer available - and Here’s Why . . . 


MFJ INTRODUCES THE 


WEIGHT CONTROL TO PENETRATE 
QHM PULL TO COMBINE MEMORIES 
A AND B FOR 1, 2, OR 3 FIFTY 
CHARACTER MESSAGES 


MESSAGE BUTTONS SELECT DESIRED 25 CHARACTER MESSAGES. 


V MFJ 
UMIlxlf U R 


m 


SPEED CONTROL, 8 TO 
50 WPM. PULL TO 
RECORD. 


LEOs (4) SHOW WHICH 
MEMORY IS IN USE AND 
WHEN IT ENDS. 


Ulltt 

9 


TONE CONTROL. 
PULL TO TUNE 


VOLUME CON¬ 
TROL. POWER 
ON OFF 


DELAY REPEAT CONTROL 

(0 TO 2 MINUTES) PULL 
FOR AUTO REPEAT. 


LEO INDICATES 
OELAY REPEAT 
MODE. 


RESETS MEMORY IN 

USE TO BEGINNING. 


MEMORY SELECT: POST 
TIONS 1. 2. 3 ARE EACH 
SPLIT INTO MEMORY SEC 
TIONS A. B. C. D (UP TO 
TWELVE 25 CHARACTER 
MESSAGES). SWITCH COM 
BINES A AND B. POSITION 
K GIVES YOU 100, 75. 50. 
OR 25 CHARACTERS BY 
PRESSING BUTTONS A. B. 
C. OR 0. 


NOW YOU CAN CALL CO. SEND YOUR QTH, 
NAME, ETC., ALL AUTOMATICALLY. 

And only MFJ offers you the MFJ 484 
Grandmaster memory keyer with this much 
flexability at this price 

Up to twelve 25 character messages plus 
a 100, 75, 50, or 25 character message 
(4096 bits total) 

A switch combines 25 character messages 
tor up to three 50 character messages. 

To roconl, pull out the speed control, touch 
a message button and send To playback, 
push In the speed control, select your mes 
sage and touch the button That's all there 
is to it! 

You can repeat any message continuously 
and even leave a pause between repeats (up 
to 2 minutes) Example: Call CO. Pause Lis 
ten. If no answer, it repeats CO again To 
answer simply start sending. LED Indicates 
Delay Repeat Mode 


Instantly Insert or make changes In any 
playing message by simply sending Continue 
by touching another button. 

Memory resets to beginning with button, or 
by tapping paddle when playing Touching 
message button restarts message. 

LEDs show which 25 character memory is 
in use and when it ends 

Built-in memory saver. Uses 9 volt battery, 
no drain when power is on. Saves messages 
in memory when power loss occurs or when 
transporting keyer Ultra compact, 8x2x6 
inches. 

PLUS A MFJ OELUXE FULL FEATURE KEYER. 

lambic operation with squeeze key Dot dash 
insertion. 

Dot-dash memories, self completing dots and 
dashes, lamproot spacing, instant start (ex 
cepl when recording) 

All controls are on front panel: speed, 
weight, tone, volume. Smooth linear speed 


control. 8 to 50 WPM 

Weight control lets you ad|ust dot-dash 
space ratio, makes your signal distinctive to 
penetrate ORM. 

Tone control. Room lining volume. Built-in 
speaker 

Tune function keys transmitter lor tuning. 

Ultra reliable solid state keying: grid block, 
cathode, solid state transmitters (- 300 V, 
10 ma. max., +300 V, 100 ma. max ). 
CMOS ICs, MOS memories Use 110 VAC or 
12 to 15 VDC Automatically switches to ex 
temal batteries when AC power is lost. 
OPTIONAL SOUEEZE KEY __ 

lor all memory keyers lufeB 
Dor and dash paddles have 
fully ad|ustable tension and ■ ™ 

spacing lor the exact "leel" you like Heavy 
base with non slip rubber feet eliminates 
"walking". $29 95 plus $2.00 lor shipping 
and handling. 


THIS MFJ 482 FEATURES FOUR 25 OR A 50 AND TWO 25 CHARACTER 

• Speed, volume, weight, ^ MESSAGES 

tone controls PAAACl ’ | 

• Combine memory switch ^QQSJOI • • • I 

• Repeat, tune functions 9 I • CjP fjR C5k . 1 ) 

• Built-In memory saver I- T 

Similar to MFJ 484 but with 1024 bits ot memory, less delay repeat, 
single memory operating LED Weight and tone controls adjustable Irom 
rear panel 6x2x6 inches. 110 VAC or 12 to 15 VDC 


THIS MFJ 481 GIVES YOU TWO 50 CHARACTER MESSAGES. 


• Repeat (unction 

• Tune function 

• Built-in memory saver 


*79 ! 


• • * 


Similar to MFJ 482 but with two 50 character messages, less weight 
controls Internal tone control Volume control is adjustable Irom rear 
panel 5x2x6 inches. 110 VAC or 12 to 15 VDC 


Call toll-free 800 - 647-1800 


Order any product from MFJ and try it. tf not delighted, return within 30 days for a prompt refund (less shipping). 

Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shipping/handling. 

For technical Information, order/repair status, In Mississippi, outside continental USA, call 601-323-5869. 

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On "TET QQ 

MFJ ENTERPRISES, INC. MISSISSIPPI STATE, MISSISSIPPI 39762 
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a second look 

by Jim Fisk 


As I was tuning around 40-meters one evening earlier this fall, I overheard a contact between two 
old-time Amateurs who obviously felt that Amateur Radio just isn't as exciting, inviting, and mysteri¬ 
ous to today's youth as it had been to them when they first got started back in the 1920s and 1930s. 
But just as the old timer of today would like to return to the homebuilt receivers and transmitters of 
his youth, the old timer of 1930 probably wished to return to the days of his beloved spark transmitter 
and galena detector — and the old timer of 2001 will no doubt reminisce about the "good ole days of 
1979." The cast of characters is different, but the basic argument never changes: "Modern technol¬ 
ogy is ruining Amateur Radio." That kind of thinking is as old fashioned and out of place as a-m on 
20 meters; if anything, Amateur Radio offers more opportunities now than ever before, and the num¬ 
ber and variety of those opportunities increases with each major advance in technology. 

As just one example, consider the opportunities available through satellite communications. 
Rather than wishing for a return to the "good old days," we should appreciate the possibilities of 
intercontinental communications when we want it, rather than at the whim of the ionosphere. The 
Radio Amateur's traditional communications expertise, inquisitiveness, patience, and resourceful¬ 
ness must again come to the fore in the exciting field of satellite communications. 

Many old timers also worry that fewer and fewer amateurs now build their own equipment. 
Although the homebuilt receivers and transmitters of yesteryear have given way to vastly superior 
(and less expensive) commercial equipment, today's Radio Amateur is still building some of his own 
gear — speech processors, automatic SWR meters, digital dials, memory keyers — sophisticated 
accessories that weren't available ten years ago at any price! 

There are even those who complain that the thrill of working DX is gone — anybody with enough 
money and a big antenna can work all the DX he wants. That's always been true, so I guess what 
they're really saying is that DX is no longer the private province of a small, select group. With the 
proliferation of high-performance transceivers and high-gain antennas, the competition for rare DX is 
probably more intensive now than ever before. If that's not challenge enough, there's always the 
world of QRPp, now growing by leaps and bounds as experienced kilowatt-wielders leave their high- 
power linears to marshal four or five watts to chase DX around the world. 

Modern solid-state technology and manufacturing techniques have provided us with equipment 
which has fostered the Amateur spirit — perfecting the art of getting the message through in spite of 
conditions or power limitations. Rather than making more "appliance" operators, high quality com¬ 
mercial amateur equipment offers new challenges and opportunities for fun and training to help 
Radio Amateurs better serve the public interest. The sophisticated equipment now available also 
gives us all the ability, and indeed, the responsibility , to truly communicate with our fellow Radio 
Amateurs. And if that still isn't exciting, or challenging, or rewarding, or as new and vital as today, 
then I don't know what is. 

Jim Fisk, W1HR 
editor-in-chief 
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ICOM WEST, INC. 

Suile 3 

13256 Nortfiuip Way 
Bellevue. Wash 98005 
1206) 747 9020 


ICOM EAST. INC. 

Suil# 307 

3331 TowerwooO Drive 
Dallas. re.as 75234 
(214)620-2780 


ICOM CANADA 

7087 Victoria Drive 
Vancouver BC V5P 3Y9 
Canada 
(604)3211833 


Ftione nunbera for parts orters ICQMVMtt, Inc., ( 206 ) 747 - 9020 , ICOM Lett, 
he., ( 800 ) 527-7425 (orders only), Teas Residents caJ ( 214 ) 620-2780 


ICOM INFORMATION SERVICE 

3331 Towerwood Dr , Suite 304 H 

Dallas, Texas 75234 

Please send me: D K-2UAspecifications sheet; □hill 
cokx ICOM Product Line Catalog; j List of Authorized 
ICOM Dealers. 

name_Call_ 

ADDRESS 

cinr StAJl _ZIP_ 

■■■■you may send a machine copy of this form«-»-« 
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Power to the mobile operators! This one is brand new, and 
it carries a powerhouse punch wherever you’re going 
ICOM unveils a full 25 watts of mobile power with the 
Introduction of the new K-255A. When you want in¬ 
creased mobile QSO range, ICOM delivers, and nobody 
docs It better 


The microprocessor controlled K-255A is a deceivingly 
compact unit which packs more big, multifeature flexibility 
than any other ICOM mobile to date. This one offers a 5 
channel memory, complete with memory scan, adjustable 
scanning speed, and auto-stop The 5 channels can easily 
be written from any inband frequencies, and the scan 
function can be programmed to scan all 5 or only 2, stop¬ 
ping on any signal. 


Like the other new ICOM transceivers, the IC-255A comes 
with 2 VFO's built-in at no extra cost The radio is pro¬ 
grammed to come up to power operating at 600Khz splits, 


to any split of your choice. The 
dual VFO’s and single tuning knob provide you with smooth, 
easy tuning in 15KHz or 5KHz steps. 


The use of new low-noise, dynamic range junction FETs (for 
the RF amplifier and the first mixer) and helical cavity fitters 
(for the antenna and RF circuits) provides excellent sensitiv¬ 
ity and intermodulation distortion characteristics. A pair of 
high quality monolithic crystal filters and ceramic filters facili¬ 
tates interference free reception reliability. 


The new K-255A's power is selectable 25W high or 1W low, 
yet it draws only 5.5 amps when transmitting in the hi#i 
power mode. A directly amplified VCO output, without the 
use of multipliers or mixers, and a power module in the PA 
unit produce a very clean transmitted signal, with low 
spurious radiation, When you’re in an RF trap, the K-255A 
can get out the signal. To give your mobile FM operations 
big features with a power punch, give yourself the K-255A. 
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comments 


biquad band-reject filter 

Dear HR: 

The article on the biquad bandpass 
filter for CW in the June, 1979, ham 
radio (page 70) is very interesting; the 
biquad active filter is a very versatile 
circuit. With little modification it can 
be made into a highpass, lowpass, 
bandpass (as in the article) or band 
reject (notch) filter. The latter may be 
of great interest to CW fans who 
want to try to remove interference 
near a rare DX signal. The only modi¬ 
fications needed are a 1.5k resistor 
from the input to the second op-amp 
inverting input (pin 2) a 1.5k resistor 
from the input to the third op-amp in¬ 
verting input (pin 2) and R1 and R2 
must be the same value. This gives an 
out-of-band gain of 1. To vary the Q 
of the filter, both R1 and R2 must be 
adjusted. Note that R3 still sets the 
filter's center frequency. The only 
problem I've noticed in this circuit is 
that if R3 is too low, the circuit will 
oscillate. 

The depth of the notch depends 
upon how well resistors R1 and R2 
and the 1.5k resistors are matched. 
There is probably no point in being 
too fussy about this since most audio 
amplifiers generate some harmonic 
distortion, so no matter how deep the 
notch is, some of the harmonics will 
still come through. Using 10 per cent 
resistors for R1 and R2 I routinely 
get rejection notches of about 25 dB; 
3 dB bandwidths can be less than 
50 Hz. 

Dwight Sipler, KB3EH 
Pittsburgh, Pennsylvania 


electronic paddle 

Dear HR: 

The “Simple Paddle for Electronic 
Keyers" in April, 1978, ham radio 
proved to be a very timely article. One 
small point may help someone else 
building the paddle. It was a little 



SOLDER CONNECTOR 


difficult starting the nut on the screw 
inside the plug shell. However, if 
you solder the nut on a spade lug, the 
job becomes a snap. 

Edward Chromczak, WB2MGY 
Somerset, New Jersey 

anodizing aluminum 

Dear HR: 

The article on anodizing aluminum 
in the January, 1979, issue offers 
some interesting material. It also 
proffers some remarks which I feel 
need some clarification. The state¬ 
ment is made early in the article that 
the natural surface of aluminum 
breaks down, causing it to be unsuit¬ 
able for applications where a long¬ 
term, stable surface is needed. 

In contrast to this, let me quote a 
statement by the American Society 
for Metals:* "Aluminum, a member 
of Group III of the periodic table, is 
stable in air because of the presence 
of an extremely thin, but remarkably 
tight and adherent, transparent oxide 
film. Growth of this natural oxide film 
on aluminum is self-limiting.” The 
two points of view seem to be widely 
divergent, to say the least. 

Other statements in the article refer 

* Aluminum, volume 1, page 22, American Society 
for Metals. 


to ". . . an otherwise easily corrodible 
metal.” Now, all metals are corrodi¬ 
ble; in fact, stainless steel depends on 
a somewhat similar oxide film mecha¬ 
nism to achieve its corrosion resis¬ 
tance. Look around and you'll see 
bare aluminum performing in such 
long-term applications as electric 
transmission lines, culverts, and 
many others. In most instances the 
metal chosen for these applications 
was aluminum because of its ability 
to resist corrosion. 

The photo on page 64 has a cap¬ 
tion which speaks of "... a carbon 
speck or other alloying constituent." 
Granted that the cause of such an 
anomaly is difficult to ascertain since 
only the void exists, usually at the 
time of discovery. But a carbon-alloy¬ 
ing constituent it is not. Over 
seventy-five commercial alloys are 
presently available in the United 
States, and carbon is not recognized 
as an alloying agent in one of them. 

On page 66, the author says: "The 
cathode must be constructed of 
lead." Cathode materials may be of 
aluminum, stainless steel, or lead. 
Some precautions must be considered 
in the way of cathode placement, but 
there's a choice of materials to use. 

Furthermore, I could not reconcile 
the current density quoted with that 
employed by commercial anodizers in 
this country. Most H 2 SO 4 (sulfuric 
acid) anodizing in the U.S. is done at 
12 amperes per square foot. Small 
pieces may be calculated at 0.0833 
amperes per square inch but in either 
case keep in mind that both sides of 
the piece are treated at the same 
time. Thus one square foot of sheet 
metal will represent two square feet 
of anodizing surface when calculating 
current density. 

Even thickness should be con¬ 
sidered, since it's easy to see that a 
panel 6 x 12 x 1/16 inch thick will 
have 2.25 square inches of surface 
area exposed to the bath along the 
edges alone. Total surface area then is 

2(L x W) + t(2L + 2W) 
iContinued on page 81 i 
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^KENWOOD ...for the discerning Amateur 

... parnrtlrr in tnnnlrur ratlin who demands quality. 



TR-7600 


TR-7625 


The TR-7600 and TR-7625 are Kenwood's popular synthesized 2-meter FM mobiletrans- 
ceivers. Combined with the RM-76 Microprocessor Control Unit, several memory and 
scanning capabilities are provided. 

TR-7600/TR-7625 FEATURES: 

* One memory channel 

* Mode switch for simple* or repeater operation 
Repeater mode shifts the transmit frequency 
+ 600 KHz or - 600 kHz or to the memory 
frequency 

» Full 5-kHz coverage from 144 000 to 
147 995 MHz 

* Adaptable to any one MARS simple* or 
repeater channel between 143.7 and 148 3 
(with modification kit). 

__ ADDED FEATURES WITH RM-76: 

|y[ mtm * Six memories 

* Automatic memory scan 

* Automatic scan up the band In 5-kHz steps, 
with selectable upper and lower frequency 
limits 

» Manual scan up or down the band in single or 




KPS-7 


The KPS-7 is a matching AC power supply 
for the TR-7600 and TR-7625. Output is 
13.8 VDC at 7 A ICS (50% duty cycle). 


fast continuous 5-kHz steps. 

• ± 1 MHz transmitter offset as well as ± 600 
kHz and memory offset for repeater operation 

• MARS operation on 143 95 MHz simple* 

• Versatile digital display of transmit and 
receive frequencies, and operating functions 






TR-2400 

The TR-2400 synthesized 2-meter hand-held 
transceiver features a large LCD frequency 
readout, 10 memories, scanning, and much 
more 

TR-2400 
FEATURES: 

• Large. Illuminated LCD 

digital frequency readout 
Readable in direct sun¬ 
light, and a lamp switch 
makes it readable in the 
dark Shows receive and ST-1 

transmit frequencies and 

memory channels, and indicates "ON AIR . memory 
recall, battery status, and lamp switch on 

• 10 memories, with battery backup 

• Automatic memory scan, for "busy 1 or "open" 
channels 

• Mode switch lor simple*. ± 600 kHz 
transmit repeater offset, and memory- 
frequency ("M 0 ) transmit repeater offset 

• REVERSE momentary switch 

• Built-in 16-button Touch-Tone generator 

• Keyboard selection of 5-kHz channels from 
144 00 to 147 995 MHz 


• Up/down manual scan and repeater or simplex operation 
Irom 143 900 to 148.495 MHz in single or fast continuous 
5-kHz steps 

• Two lock switches to prevent accidental frequency change 
and accidental transmission 

• Subtone switch (subtone module not Kenwood supplied) 

• More than 1.5 W RF output 

• High-impact plastic case and zinc die-cast frame 

• BNC antenna connector 

• Standard accessories included with the TR-2400 are a flexible 
rubberized antenna with BNC connector, ni-cad battery psck. 
and AC charger 

OPTIONAL ACCESSORIES: 

• Attractive leather case 

• Model ST-1 base stand, which provides 1.6-hour quick charge, 
trickle charge, and base-station operation with microphone 
connector and Impedance-conversion circuit for using 
MC-30S microphone 

• Model BC-5 DC quick charger 




.. pactstUrr in amalrur radio 


TOP CONTROLS 


TRIO KENWOOD COMMUNICATIONS INC 

1111 WEST WALNUT - COMPTON CA 90220 







A DEADLOCK ON CONFERENCE CHAIRMAN selection marred the opening of the World Admini- 
strative Radio Conference September 24th; the conflict was between the nonaligned and 
developed nations, with some opinion that the orchestration was developed at the non- 
aligned summit meeting in Havana. A compromise chairman from Argentina was finally 
selected on the 27th, putting the conference almost a week behind schedule. If the 
opening deadlock is any indication. WARC 79 could be an extremely difficult, drawn-out, 
and frustrating exercise. 

Amateur Radio's Outlook from the WARC isn't too promising, according to an A.D. Little 
study just completed for the Senate Committee on Science, Commerce, and Transportation. 
Proposed increases in Amateur HF allocations will probably be defeated, Little said, 
because of low demand for new frequencies outside the United States and the desire to pro¬ 
tect fixed services already in the desired slots. Though Canada, Japan, the United King¬ 
dom, Brazil, India, plus possibly some of Western Europe should support an increase, most 
of the rest of the world will not. 

3.5-3.9 MHz Also Has Problems , with the US. proposal to increase the Amateur exclu- 
sive allocation opposed by some Region 2 neighbors as well as the rest of the world. 

New 10, 18, 25 MHz Amateur bands don't appear to have enough support to be sustained, 
either. Despite firm support from New Zealand, Australia, and Japan, opposition from 
most of the rest of the world will prevail 

Exclusive 7.10-7.25 MHz Amateur allocations in Regions 1 and 3 as well as Region 2 
are a distinct possibility. A close vote is expected, with both developing nations and 
the free world supporting the argument for non-interference and standardization. Oppo¬ 
sition is expected from the USSR and her satellites, much of Western Europe, and China. 

No Other Amateur Radio problem areas were cited in the report, indicating that the 
14, 21. and 28 MHz HF bands as well as the VHF/UHF spectrum do not appear seriously 
threatened. 

DESIGN OF THE AMSAT PHASE III SATELLITE'S two-meter omnidirectional antenna is com- 
plete and the patterns have been run. The wiring harness which interconnects the modules 
in the spacecraft has been installed in the spacecraft structure. The flight connectors 
are now being assembled onto the harness. The auxiliary battery unit is complete, and 
the Integrated Housekeeping Unit (IHU) computer design has been debugged and completed. 

The Russians May Launch one or two new Amateur Radio satellites before the end of the 
the year, with transmitting downlink frequencies between 29.3 and 29.5 MHz, according 
to unsubstantiated reports reaching AMSAT. No real verification is available, and so 
we'll simply have to wait to see what happens. 

THE "IONOSPHERIC HOLE " had a relatively minor and short-lived effect on HF propaga¬ 
tion^ according to a review of the more than 100 reports already received from partici¬ 
pating Amateurs. The giant Atlas Centaur rocket went up at 0528Z September 20th, and 
its launch had no apparent effect on the signals from either the 3.6- or 7.1-MHz bea¬ 
cons. The 14.1-MHz signal dipped several dB for most observers, starting just after 
launch, and some also noted rapid flutter just after the exhaust-induced disturbance 
began. Unfortunately, an equipment failure took the 14.1 beacon off the air from 0536 
to 0542, but no other beacon problems occurred and all stayed on until dawn. 

The 21.2-MHz Beacon signal also showed a noticeable drop to observers monitoring 
that frequency. At press time there had been no reports on 28 MHz, but one northerly 
observer reports hearing the 50.1-MHz beacon, weak and watery, for two short periods 
between 0536 and 0538 — coincidental with the final rocket burn All propagation 
effects seem to have ended by 0550Z, 22 minutes after launch. 

Analysis Of The Report sheets by Boston and Stanford Universities and the USAF Geo¬ 
physical Laboratory should be a lengthy process, but a detailed report will be forth¬ 
coming . 

KILLER HURRICANE DAVID emphatically proved Amateur Radio's value for disaster service, 
as the slow-moving but violent storm trailed death and destruction through the Caribbean 
islands into the southeastern U.S. Active nets on 80 through 15 meters handled a wide 
range of traffic as David made its way west and north, leaving many communities and 
some entire islands devastated and cut off from the world. 

The One Negative Note in an otherwise outstanding Amateur Radio performance was the 
too frequent presence of jammers, including several "carrier throwers." the usual too- 
vocal critics, at least one apparent drunk, and — unbelievably — a station in the mid¬ 
central U.S. who actually retransmitted music several times! Fortunately the net was 
able to function reasonably well despite these irrational activities, but it would be 
nice, as one net operator suggested, if each of these misguided souls were given the 
opportunity to observe the next major hurricane while sitting on a small Caribbean island 
with only a low-power 20-meter transceiver for company! 

THE NATIONAL TELECOMMUNICATIONS CONFERENCE , sponsored by the IEEE, will be held on 
November 27th, at the Shoreham Americana Hotel in Washington, D.C. Guest speaker will be 
Ulrich Rohde, DJ2LR, discussing "Recent Developments in Shortwave Communications Receiver 
Circuits." 
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The following are excerpts from unsolicited letters and registration cards 
received from owners of the new TEN-TEC OMNI transceiver 

*7 sold a Yaesu to buy this and am very impressed" — WB5ULA 

"My first QSO with OMNI-A was LA1SV on CIV and 

second was EA8SK on SSB." —N2CC 

"Excellent rig. Just as advertised." — WB5TMD 

"Very pleased with performance. QSK feature 

very slick." —WBOELM 

"This is my 5th TEN-TEC transceiver in less than 2 

years. I loved them all and still have 3." —WBOVCA 

"Through the years I have had complete Drake 
and Collins stations. I tried a 544 Digital and liked 
it the best so decided to purchase the 546 

OMNI-D Digital." - WA4NFM 

"Your OMNI is the best rig I have had in 20 years 

of homing." —K4IHI 

"As a owner of Collins rig, your OMNI-D is the best." —K9JJL 

"I already have an OMNI-A. 544 and a TRITON IV. 

You may ask why I own so many TEN-TEC rigs. 

In case there is a great RE famine. I uianr to 

be ready! 1 * — WD4HCS 

"You guys really know how to turn on an old timer!” —K8ELS 
"Best operating & most conveniences of any 

transceiver I've ever used." — W61.ZI 

"I like CIV. Compared OMNI against IC701 (revr) 

and OMNI icon hands down. XYL WD6GSB really 

enjoys rig on SSB. Finds rig is very stable and 

digital readout accurate." —AC6B 

"Have checked it out on both modes from "top band" 

(160) all the way to 29 MHz. Terrific!!!!" — W4DN 

“Works well, parts layout and design much better for 

any possible servicing than other ham gear. The 

Japanese hybrid sets can't compare to TEN-TEC 

for audio. Audio reports excellent without special 

speech processors, etc., to distort the signal." —AG8K 

"I have been using the S-Line over 15 yrs and 

never thought anything could outperform it. I got the 

biggest surprise and THRILLED with this OMNI-D 

even though I have been a ham since 1936." —KV4GD 


"This must be the greatest. I've spent enough money 

on final tubes to almost pay for this.” —KA4B1H 

"This transceiver was recommended to me by old 
time hams (Xtras) wham I have known for 40 yrs. 

Has excellent break-in." —N6AVQ 

"Best package Job I've ever seen! First licensed 6AAV 
In 1926. Now in operation—a sweetheart!" —W7LUP 

"From a 32V2/SX115 to an OMNI is a big step!" —K6YD 

"Receiver prominent— transmitter likewise — 

working comfortable—pleasing design." — OE1FAA 

"First new rig for me in 10 years but seems 

to be very good.” —W5GBY 

"The best transceiver I ever used or owned." —WfTS 

"I wouldn’t swap my OMNI for anything on the 
market, regardless of price.' ‘ — WDOHTE 

OMNI/SERIES B FEATURES 

All solid-state; 160-10 meters: Broadband design; Standard 8-Pole 
2.4 kHz Crystal Ladder l-F Filter + Optional 1.8 kHz SSB Filter & 
0.5 kHz 8-Pole CW Filter: 3-Bandwidth Active Audio Filter: Choice 
of readout — OMNI A (analog dial). OMNI D (digital): Built-in VOX 
and PTT. Selectable Break-in. Dual-Range Receiver Offset Tuning. 
Wide Overload Capabilities. Phone Patch Interface Jacks; Adjusta¬ 
ble ALC: Adjustable Sidetone: Exceptional Sensitivity; 200 Watts 
INPUT; 100% Duty Cycle. Front Panel Microphone and Key Jacks; 
Zero-Beat Switch: "S’VSWR Meter: Dual Speakers: Plug-In Circuit 
Boards; Complete Shielding; Easier-to-use size: 5%"h x 14 1 1 ”w x 
14"d; Full Options: Model 645 Keyer $85. Model 243 Remote VFO 
$139, Model 252MO matching AC power supply $139; Model 248 
Noise Blanker $49, Model 217 500 Hz 8 Pole Crystal Ladder CW Filter 
$55. Model 218 1.8 kHz 8-Pole Crystal Ladder SSB Filter $55 
Model 545 Series B OMNI-A... $949 
Model 546 Series B OMNI-D... $1119 

To add your name to the fast-growing list of OMNI owners, see your 
TEN TEC dealer, or write for full details 




TEN-TEC INC 

SEVIf RVILIE. TENNESSEE 3716? 

IJU-Ottt Mt\ IWOtN AVI CHtCMdO m UML 


OMNI OWNERS SAY: 















The age of tone control has come to 
Amateur Radio. What better way to utilize 
our ever diminishing resource of fre¬ 
quency spectrum? Sub-audible tone 
control allows several repeaters to share 
the same channel with minimal geo¬ 
graphic separation. It allows protection 
from intermod and interference for 
repeaters, remote base stations, and 
autopatches. It even allows silent moni¬ 
toring of our crowded simplex channels. 


We make the most reliable and complete 
line of tone products available. All are 
totally immune to RF, use plug-in, field 
replaceable, frequency determining 
elements for low cost and the most 
accurate and stable frequency control 
possible. Our impeccable 1 day delivery 
is unmatched in the industry and you are 
protected by a full 1 year warranty when 
our products are returned to the factory 
for repair. Isn’t it time for you to get into 
the New Age of tone control? 




















TS-1 Sub-Audible Encoder-Decoder • Microminiature in 
size, 1.25 * 2 0" x .65 • Encodes and decodes simultaneously • 
$59.95 complete with K-1 element. 

TS-1 JR Sub-Audible Encoder-Decoder • Microminiature 
version ot the TS-1 measuring just 1.0 x 1.25" x .65" lot hand¬ 
held units • $79.95 complete with K-1 element 
ME-3 Sub-Audible Encoder • Microminiature in size, 
measures .45 x 1.1 x 6 • Instant start-up • $29.95 complete 
with K-1 element 

TE-8 Eight-Tone Sub-Audible Encoder • Measures 2.6 x 
2.0 x .7 • Frequency selection made by either a pull to ground 
or to supply • $69.95 with 8 K-1 elements. 

PE-2 Two-Tone Sequential Encoder lor paging • Two call 
unit • Measures 125" x 2.0'x .65 • $49.95 with2K-2elements 


SD-1 Two-Tone Sequential Decoder • Frequency range is 
268 5-2109 4 Hz • Measures 1.2' x 167"x 65' • Momentary 
output for horn relay, latched output for call light and receiver 
muting built-in • $59.95 with 2 K-2 elements 
TE-12 Twelve-Tone Sub-Audible or Burst-Tone Encoder • 
Frequency range is 67 0 - 263 0 Hz sub-audible or 1650 - 4200 Hz 
burst-tone • Measures 4 25' x 2.5' x 15 • $79.95 with 
12 K-1 elements 


ST-1 Burst-Tone Encoder • Measures .95' x .5' x ,5 plus 
K-1 measurements • Frequency range is 1650-4200 Hz • 
$29.95 with K-1 element 




COMMUNICATIONS SPECIALISTS 

426 West Tall Avenue, Orange. CA 92667 
(800) 854-0547, California residents use: (714) 998-3021 
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how to design 

broadband jfet amplifiers 


to provide 
top performance 
from VLF 
to over 100 MHz 


A discussion of 
broadband jfet 
amplifier design, 
with special emphasis 
on imd performance 
and matching 


Broadband rf amplifiers are becoming increasingly 
useful in hf/vhf receiving applications. A modern 
wideband upconverting high-frequency receiver, for 
example, often employs a broadband rf amplifier as 
the first active stage. The rf stage improves the 
receiver noise figure and reduces undesirable LO-to- 
antenna conduction. Broadband amplifiers are also 
useful in a wide variety of other Amateur applications 
ranging from antenna preamplifiers to home-con¬ 
structed test equipment. This article deals with some 
of the considerations involved in the design and con¬ 
struction of broadband jfet rf amplifiers. The circuits 
presented can be easily duplicated with readily 
obtainable components. 

Other than to provide selectivity, a broadband rf 
amplifier must do everything that a narrowband 
amplifier does. Thus gain, noise figure, stability, and 
most other parameters must be comparable. There 
is, however, a major additional requirement. Since 
the broadband amplifier responds to signals over a 
very wide bandwidth, it is important that the ampli¬ 
fier have exceptionally high resistance to overload 
and intermodulation distortion (IMD). 

With respect to overload, there are potentially 
many more signals over the larger bandwidth (in 
comparison with a narrowband amplifier) that might 
drive the amplifier into its gain compression (over¬ 
load) region. With respect to IMD, there are many 
more combinations of frequencies at which these 
strong signals can cause the amplifier to produce 
intermodulation products that could interfere with 
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signals we are trying to receive. The intermodulation 
problem is compounded by the fact that unlike the 
narrowband amplifier, which is vulnerable only to 
odd-order IMD, both odd- and even-order IMD can 
produce interfering intermodulation products in the 
broadband amplifier. The narrowband amplifier is 
relatively immune to second-order IMD because its 
bandwidth is much less than an octave. Within this 
sub-octave bandwidth, there is no combination of 
frequencies at which in-band signals can produce 
second-order intermodulation products that also fall 
in-band (that is, second-order intermodulation prod¬ 
ucts that are capable of interfering with in-band sig¬ 
nals we might be trying to receive). 12 

Thus, in broadband receivers, it is very important 
to employ rf amplifiers that have extremely high 
resistance to both odd- and even-order IMD. These 
same considerations also apply to mixers. 

broadband jfet amplifier 

When considering an active device to be employed 
as a broadband amplifier, you must look for certain 
qualities. High transconductance is desirable. Input, 
output, and feedback capacitances should be low. 
The device should exhibit good noise performance 
and high signal handling capability. 

High-quality jfets satisfy all of these requirements 
(with the exception of low feedback capacitance) 



fig. 1. Schematic diagram of the simplified grounded-gate 
jfet amplifier. 

reasonably well. By operating a jfet in the grounded- 
gate configuration, you can effectively reduce its 
otherwise high feedback capacitance to a very low 
level. Earlier, I mentioned that one of the desirable 
features of rf amplifiers in receivers is reverse isola¬ 
tion, or more specifically, the amplifier's ability to 
attenuate LO energy from the mixer to the antenna. 
The grounded-gate/base/grid configuration yields 
the best reverse isolation of any of the three possible 
amplifier configurations. 

A simplified circuit of a grounded-gate jfet ampli¬ 
fier is shown in fig. 1 . You can gain some insight into 
the operation of this circuit by applying some funda¬ 
mental (and somewhat simplified) relationships. A 
more general and rigorous presentation of these rela¬ 
tionships may be found in reference 3. The first rela¬ 


tionship defines the input impedance of the amplifier. 
Disregarding the imaginary (reactive) component, 
the approximate input impedance is given by the 
expression: 

= / ID 

where R in is the real component of the input impe¬ 
dance and G m is the device transconductance. A 
grounded-gate jfet with a transconductance of 
10,000 micromhos, for example, would have an ap¬ 
proximate input impedance of 100 ohms. 

The second relationship defines the voltage gain of 
the amplifier. This relationship is: 

A v ~ G m x Rl (2) 

where A v is the voltage gain 

G m is the device transconductance 
R l is the load resistance 
Rearranging eq. 1 to solve for G m produces: 

Gm~ -J— (3) 

and substituting this expression of G m into eq. 2 pro¬ 
duces: 



That is, the approximate voltage gain is simply the 
ratio of the load resistance to the device input 
impedance. 

Referring back to fig. 1, observe that the driving 
source, the jfet, and the load are all in series. Disre¬ 
garding the input and output capacitances for the 
moment, it is evident then that the current gain, A„ 
of this amplifier must be equal to unity because the 
current in a series circuit is everywhere the same. 
Power gain, Ap, is given by the expression 

Ap = A v xA, (5) 

Since A,- equals unity in a grounded-gate jfet ampli¬ 
fier, then 

Ap = Ay ( 6 ) 

In other words, the power gain equals the voltage 
gain. 

It would seem then that to obtain high power gain 
out of this amplifier, all that is necessary is to make 
R l large. This is true up to a point, but even if you 
disregard the inherent output conductance of the jfet 
(which could be represented as an equivalent con¬ 
ductance from the drain to the source), you would 
find that C out (the jfet output capacitance) would 
limit the output impedance and device gain at high 
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frequencies. Assuming a constant transconductance 
over the frequency range of interest, and disregard¬ 
ing C in , 


fadB ~ 


1 

2irR L C out 


(7) 


ohm load impedance to the higher level of R L 
required to achieve reasonable gain in the jfet ampli¬ 
fier. Fifty ohms is selected as the desired ultimate 
load impedance since this is the nominal impedance 
level of most broadband mixers that might follow the 
amplifier. 


where is the high-end frequency at which the 
amplifier gain is 3 dB down from its low frequency 
value. 

To obtain the widest bandwidth, then, eq. 7 indi¬ 
cates that you should employ a jfet with a very low 
output capacitance driving a low value of R L . You 
can arbitrarily select a low value for R L , but to main¬ 
tain high power gain, eq. 4 says that you will need a 
low value of R in (the jfet input impedance). How¬ 
ever, since R in = 1/G m from eq. 1, this is actually 
just another way of saying that you need a jfet with 
high transconductance. 

Given the above, it is evident that a useful figure of 
merit for a jfet in broadband operation is the ratio of 
device transconductance to output capacitance. A 
jfet with an exceptionally high transconductance to 
output capacitance ratio is the Siliconix U310. 4 

U310s are rather expensive, but a plastic economy 
version (the J310) is also available with performance 
characteristics that are substantially the same. The 
J310 is manufactured by Siliconix and National 
Semiconductor. Siliconix also offers a matched pair 
of J310-type jfets in an epoxy package. This device is 
the E430. 

By the time this article is published, the E430, in all 
probability will have been phased out in favor of the 
U430. The U430 will employ the same chip geometry 
as the E430, but will use an 8-pin metal package simi¬ 
lar to the TO-5 package. 

The J310 is described in the Siliconix FET Data 
Book 5 as a low-noise, wide-dynamic-range device 
capable of high power gain at frequencies up to at 
least 450 MHz. The typical transconductance is listed 
at 12,000 micromhos at a drain current of 10 mA. The 
amplifiers presented in this article employ J310s and 
E430s. 

The input impedance of a J310 or E430 grounded- 
gate amplifier can be made close enough to 50 ohms 
so that a reasonable input VSWR can be achieved 
without any matching network. The signal can simply 
be capacitively coupled to the jfet source. The disad¬ 
vantage of this convenient technique is that the input 
impedance may not be optimum for best noise 
figure. 

As previously mentioned, the load impedance (R L ) 
must be high compared with the jfet input impe¬ 
dance to obtain high power gain. Since the required 
value of R l is much higher than the assumed 50-ohm 
load the amplifier is ultimately driving, broadband 
autotransformers can be employed to convert the 50- 


jfet biasing 

In biasing a jfet, there are three general require¬ 
ments. The first is that the jfet maintain the desired 
bias current level over the anticipated temperature 
range. The second requirement is that the biasing cir¬ 
cuit should not be device-sensitive. That is, if you 
design an amplifier employing a J310 biased at 18 
mA of drain current, this drain current should be 
close to 18 mA for any J310. The third requirement is 
that the bias current should be insensitive to changes 
in supply voltages. 

The first requirement is not too difficult to meet. 
Even with a poor biasing circuit, the bias current will 
remain fairly constant over a reasonably wide tem¬ 
perature range. 

The second requirement can be relaxed somewhat 
where repeatability isn't so important. Since Ama¬ 
teur home projects are usually built in very small 
quantities, there is no particular problem with using 
pot or selecting resistors to achieve the desired bias 
current (especially if doing so permits the use of sim¬ 
pler circuitry or reduces power consumption). 

The third requirement is also easy to meet. If the 
jfet is operated from a single supply voltage (Vdd), 
the inherent constant-current characteristics of the 
jfet will automatically stabilize the bias current, pro¬ 
vided that the drain-to-source voltage is at least 6 
volts or so (depending upon the particular jfet). If the 
jfet is supplied by both positive and negative voltages 
(Vdd and V ss , respectively), the bias current may be 
somewhat sensitive to changes in V ss . However, the 
situations where dual supply voltages are available 
will also be the situations where these supplies are 
most likely to be regulated. 



fig. 2. Diagrams of the three jfet biasing configurations with 
only the relevant dc circuitry shown. Schematic (A) shows 
the simplest, and poorest, configuration. The circuit is very 
device-sensitive, in that it is necessary to select the bias 
resistor for the desired current. Diagram (B) illustrates the 
use of a constant-current source to bias the jfet. The best 
overall compromise is shown in (C), where a negative volt¬ 
age and large-value resistor act as a pseudo constant-cur¬ 
rent source. 
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J310 


Fig. 2 illustrates three commonly used jfet biasing 
circuits. For simplicity, only the relevant dc circuitry 
is shown. Fig. 2A shows the most commonly used 
(and poorest) jfet biasing configuration. Although its 
performance over a temperature range is adequate in 
most cases, it tends to be very device-sensitive. It is 
therefore necessary to select the resistor (or make it 
variable) to secure the desired bias current. On the 
plus side, overall power consumption is lower than 
that of the other two configurations and no negative 
supply is required. In fig. 2B, the jfet is biased by a 
constant-current source. If the constant-current 
'source (usually a bipolar transistor with a tempera¬ 
ture compensating diode) is temperature stable, this 
biasing scheme is nearly impervious to temperature, 
device, and supply voltage variations, and is thus an 
excellent biasing configuration. 

A compromise configuration is shown in fig. 2C. 
This circuit is very similar to that of fig. 2A except 
that the resistor is larger and is returned to a negative 
supply. The negative voltage and large resistance act 
as a pseudo constant-current source. The larger 
value of the resistor and the magnitude of V ss , the 
closer this biasing circuit comes to approximating a 
true constant-current source. If the negative voltage 
supply is available, this circuit offers the best per¬ 
formance for the number of components required. 
Temperature stability is very good, and the circuit is 
reasonably insensitive to device variations. As a 
brute-force test, this circuit was constructed with a 
J310 biased at a nominal current level of 18 mA using 
± 12 volt supplies. Ten different J310s were tried in 
the circuit. The measured bias currents were all well 
within a 10 per cent window. Heating the devices for 
10 seconds by applying a 25-watt soldering iron 
of less than 10 per cent. Similarly, chilling the devices 
with an aerosol spray coolant for a period of 10 sec¬ 
onds also resulted in a bias current change of less 
than 10 per cent. 

Although the amplifiers described in this article all 
employ the biasing configuration of fig. 2C, substan- 
any of these bias configurations. More detailed infor¬ 
mation on the subject of jfet biasing can be found in 
reference (3). 

basic jfet broadband amplifier 

Fig. 3A shows a simple broadband amplifier. 
Although this circuit is presented primarily for pur¬ 
poses of illustration, it nonetheless has many practi¬ 
cal applications. The circuit is a grounded-gate jfet 
amplifier employing a single J310 biased at 18 mA of 
drain current. The output employs a peaking induc¬ 
tor and a 4:1 bifilardwound auto-transformer (detail¬ 
ed winding information is presented later in this arti¬ 
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fig. 3. Schematic diagram of the basic broadband jfet ampli¬ 
fier. R1 sets l 0 at 18 mA. (B) shows the frequency response 
of this basic amplifier. 


cle). The peaking inductor extends the frequency 
response. Fig. 3B shows the frequency response 
when Li is set for optimum gain flatness with respect 
to frequency. The setting of Lt is not particularly crit¬ 
ical, although it does substantially affect the high- 
end frequency response. Other performance charac¬ 
teristics are as follows: 


1 dB gain compression level 
2nd-order intercept point 
3rd-order intercept point 
30-MHz noise figure 
input VSWR 
reverse isolation 


+ 13 dBm 
+ 28 dBm 
+ 22 dBm 
4.5dB 

1.3:1 from 1.8-100 MHz 
38 dB or better to 30 MHz; 
25 dB or better to 200 MHz 


The intermodulation and overload specifications 
forall amplifiers presented in this article are referenced 
to the amplifier input. The + 13 dBm specification for 
the 1 dB gain compression level, for example, is the 
input (rather than output) level at which 1 dB of gain 
compression occurs. When evaluating the intermod¬ 
ulation and overload performance of a device, it's 
very important to know whether the specifications 
are referenced to the input or output. Unfortunately, 
many manufacturers specify their devices without 
providing information as to whether the specification 
ferred method is to reference the specification to the 
input. 

The output referenced specification is simply the 
input referenced specification plus the device gain. 
For example, an amplifier having an input referenced 
3rd-order intercept point of +20 dBm and a gain of 
10 dB has an output referenced 3rd-order intercept 
point of +30 dBm. 
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Some clarification is in order concerning this 
amplifier. First, the good input VSWR trades off 
against optimum noise figure. With a 1:1 input VSWR 
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fig. 4. Diagram of the improved broadband jfet amplifier 
with improved gain, lower noise figure, and better imd per¬ 
formance. The higher transconductance from the paralleled 
fets results in a higher gain and better input noise match. 
Graph (B) shows the overall frequency response of this 
improved amplifier. 


you would have "power match" and best amplifier 
gain. However, the noise figure in this case could be 
no better than 3 dB. "Noise match" (optimum drive 
source impedance for best noise figure) occurs when 
the driving impedance is considerably higher than the 
amplifier input impedance. The second point is that 
although you can specify a 50-ohm output load, the 
actual output impedance of this amplifier is much 
higher than 50 ohms (the jfet output is essentially a 
high-impedance current source). This fact is very im¬ 
portant if a filter must follow the amplifier. Where 


low output VSWR is important, refer to the circuits of 
fig. 6 or 7. All the other circuits in this article have a 
high output impedance. Finally, the gain of this 
amplifier is load-sensitive; that is, if the actual value 
of R l is greater than 50 ohms, amplifier gain will be 
higher. Load impedances other than 50 ohms will 
also require that the value of Li be changed for flat¬ 
test frequency response. If the amplifier is to be used 
only below 30 MHz, however, Li may be omitted en¬ 
tirely. Amplifier gain may vary somewhat depend¬ 
ing upon the characteristics of the particular J310 
employed. If a negative supply is not available, return 
Ri to ground (instead of -12 volts) and select (or 
adjust) Fti's value for 18 mA of drain current. 

improved jfet broadband amplifier 

The amplifier shown in fig. 4A is very similar to the 
one just described, but with higher gain, a lower 
noise figure, and superior IMD performance. Fig. 4B 
shows typical amplifier gain as a function of frequen¬ 
cy. Other performance characteristics are as follows: 


1 dB gain compression level 
2nd-order intercept point 
3rd-order intercept point 
30-MHz noise figure 
input VSWR 
reverse isolation 


+ 14 dBm 
+ 38 dBm 
+ 29 dBm 
<2.5 dB 

1.8:1 from 1.8 200 MHz 
36 dB or better to 30 MHz 
30 dB or better to 175 MHz 


This amplifier employs the E430 dual jfet as the 
active device, with individual sections connected 
directly in parallel (source 1 tied to source 2, gate 1 
tied to gate 2, and drain 1 tied to drain 2) to achieve 
an equivalent ultra-high transconductance jfet. The 
higher transconductance (=36,000, micromhos) 
accounts for the higher gain of this amplifier as com¬ 
pared with that of fig. 3. This higher conductance 
also causes the input impedance to drop to approxi¬ 
mately 28 ohms, which accounts for the 1.8:1 input 
VSWR. Although you no longer have an optimum 
input power match you're now much closer to an op¬ 
timum input noise match, which accounts for the im¬ 
proved noise figure. As far as improved IMD per¬ 
formance is concerned, the easiest way to rationalize 




fig. 5. Schematic of a jfet amplifier which exhibits approximately 12 dB gain, though with a narrower bandwidth. In this case, 
the bandwidth has been sacrificed to produce the higher gain. A plot of the gain vs frequency is shown in (B). 
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that is to simply say that two devices are carrying the 
load instead of just one (keeping in mind that you 
now effectively have two J310s in parallel). 

The same considerations with regard to load sensi¬ 
tivity, device variations, and output VSWR are equal- 



fig. 6. Schematic of a broadband 50-ohm driver where the 
output impedance is set to 50 ohms. In this case, the 220- 
ohm resistor loads the collector, leading to the 50-ohm out¬ 
put through the transformer. Gain in this example is approx¬ 
imately unity. 


ly applicable to this amplifier as to the one in fig. 3. 
Again, for operation below 30 MHz, peaking inductor 
Li may be omitted. Since the E430 gets quite warm 
with 34 mA of drain current, it would probably be a 
good idea to use a heatsink. Ti is the same 4:1 bifilar- 
wound transformer as the one shown in fig. 3. 

higher-gain 

jfet broadband amplifier 

From eq. 4, you know that amplifier gain can be 
increased by raising the effective drain load impe¬ 
dance as seen by the jfet. Therefore, if you replace 
the 4:1 autotransformer of fig. 4A with a 9:1 auto¬ 
transformer, gain should increase. Eq. 7, however, 
tells you that this will also decrease the bandwidth. 
Since the amplifier of fig. 4A has a bandwidth in 
excess of 100 MHz, you probably can trade off some 
of this bandwidth for higher gain in many applica¬ 
tions. Fig. 5A shows the circuit for such an amplifier. 
Fig. 5B shows the gain as a function of frequency. 
As predicted, gain has increased at the expense of 
bandwidth. Other performance characteristics are as 
follows: 


1 dB gain compression level 
2nd-order intercept point 
3rd-order intercept point 
30-MHz noise figure 
input VSWR 
reverse isolation 


+ 10dBm 
+ 36 dBm 
+ 24 dBm 
<2.5 dB 

1.6:1 from 1.8-100 MHz 
34 dB or better to 100 MHz 


Winding details of the 9:1 autotransformer are pre¬ 
sented later in this article, LI cannot be omitted from 
this circuit for high-frequency operation unless sub¬ 
stantial gain roll off (2-3 dB at 30 MHz) can be 
tolerated. 


jfet broadband drivers 

There may be occasions where a better-defined 
amplifier output impedance is required. Fig. 6 illus¬ 
trates a broadband driver circuit designed to present 
nominal 50-ohm impedances to both the source and 
load. Since this driver produces somewhat less than 
unity gain, it is intended only to follow one of the pre¬ 
viously discussed amplifiers rather than to stand 
alone. The circuit is nearly identical to the "basic" 
jfet broadband amplifier of fig. 3. Notice, however, 
that the drain is ac loaded by a 220-ohm resistor to 
establish the amplifier output impedance (at the 
autotransformer output) near 50 ohms. This reduces 
the gain for two reasons. First, you have lowered the 
impedance as seen by the J310 drain by a factor of 
two, thus reducing voltage and power gain by the 
same factor. Additionally, half the output power is 
now consumed in the 220-ohm resistor. Thus, the 
power available to the load is cut by a total factor of 
4, or 6 dB. The measured gain of this amplifier is - 1 
to -2 dB from 1.8 to 100 MHz, or 6 to 7 dB lower 
than that of the "basic" jfet broadband amplifier of 
fig. 3. Other performance characteristics are as 
follows: 


1 dB gain compression level 
2nd-order intercept point 
3rd-order intercept point 
30-MHz noise figure 
input VSWR 
output VSWR 
reverse isolation 

Fig. 7 shows another 


*E430 



+ 13 dBm 
+ 36 dBm 
+ 24 dBm 
4-5 dB (estimated) 

1.3:1 from 1.8-100 MHz 
1.3:1 from 1.8-100 MHz 
35 dB or better to 100 MHz 

broadband driver circuit 


O 2fiH 0 I 



fig. 7. Schematic diagram of another broadband 50-ohm 
driver which has the input impedance matched by the 9:4 
transformer. The gain, in this case, is 1-2 dB. 


which provides some gain rather than loss. It is very 
similar to the "improved" jfet broadband amplifier of 
fig. 4A. Again, the drain is ac loaded by a 220-ohm 
resistor to establish the amplifier output impedance. 
Also, the input signal is impedance matched to the 
jfet source through a 9:4 autotransformer. This trans¬ 
former is wound identically to the 9:1 autotrans¬ 
former employed in the "higher gain" jfet broadband 
amplifier of fig. 5A, but is turned "upside-down" to 
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provide a 9:4 impedance ratio. The gain of this ampli¬ 
fier is 1-2 dB from 1.8-100 MHz. Other performance 
characteristics are as follows: 


1 dB gain compression level 
2nd-order intercept point 
3rd-order intercept point 
30-MHz noise figure 
input VSWR 

output VSWR 

reverse isolation 


+ 14 dBm 
+ 30 dBm 
+ 29 dBm 
4-5 dB (estimated) 

1.3:1 to30 MHz 

1.8:1 to 100 MHz 

1.3:1 to 30 MHz 

1.6:1 to 100 MHz 

40 dB or better to 100 MHz 


In both driver circuits, it is important to connect 
the 220-ohm resistor as closely as possible to the jfet 
drain with very short lead lengths. If this is not done, 
oscillations may occur. 


winding the autotransformers 

The 4:1 autotransformer consists of five turns of 
bifilar-wound wire on a single-hole ferrite bead. The 
bifilar wire is made by paralleling and twisting 
together two dissimilar colored (red and green, for 
example) of strands of no. 32 AWG (0.2-mm) mag¬ 
net wire. This is easily done by attaching one end of 
the paralleled wires in a vice and placing the other 
end in the chuck of a portable power drill. Maintain¬ 
ing suitable tension on the wires, turn on the drill 
until the wires have twisted together. Four twists per 
centimeter (10 twists/inch) is suitable, but this is not 
at all critical. The only real requirement is that there 
be enough twists to prevent unraveling but not so 
many as to cause kinking. The ferrite bead is an FB 
43-801. To wind the transformer, wind the bifilar wire 
through the bead five times, keeping the winding 
tight to the core. This will result in four strands of 
bifilar wire against the outside of the bead. Cut off 
the excess wire, leaving 2-3 cm (approximately 1 
inch) or so at each end. Untwist the two ends and 
bend the green wire of either end and the red wire of 
the other end toward each other until they meet half¬ 
way along the outside wall of the bead, completing 
the fifth turn. Tin and twist these wires together. 
Similarly, tin the remaining red and green wire ends. 
The net result is that the red and green wires are con¬ 
nected series-aiding, with their junction being the 
autotransformer center tap. This 2:1 turns ratio yields 
a 4:1 impedance ratio. Fig. 8A shows an outline 
drawing of the completed autotransformer along 
with the corresponding schematic representation. 

The 9:1 autotransformer is constructed on the 
same type of ferrite bead as the 4:1 autotransformer, 
but is wound with no. 32 AWG (0.2-mm) trifilar wire. 
The trifilar wire consists of three colored strands, 
(red, gold, and green, for example) of no. 32 AWG 
(0.2-mm) wire twisted together in the same manner 
as the bifilar wire. Wind five turns of the trifilar wire 
through the ferrite bead and connect the wires 


series-aiding (see fig. 8B). If the input signal and 
ground connections are reversed, the 9:1 autotrans¬ 
former then becomes a 9:4 autotransformer. 






fig. 8. Winding information for the 4:1 and 9:1 transformers. 
Each transformer uses a ferrite bead, FB 43-801. as the core. 


Although the FB 43-801 beads are satisfactory in 
broadband autotransformer applications, they were 
selected primarily on the basis of their availability to 
Amateurs rather than for optimum performance. 
Two-hole balun cores seem to perform somewhat 
better. 

The FB 43-801 beads may also be used to con¬ 
struct the rf chokes. The 100-jtH rf chokes used in 
the broadband amplifiers may be constructed by win¬ 
ding nine turns of no. 28 AWG (0.3-mm) wire 
through the beads. 

measurement procedures 

Swept gain, VSWR, and reverse isolation measure¬ 
ments were made using a Wiltron Model 640 RF anal¬ 
yzer. Noise-figure measurements were made using a 
calibrated temperature-limited diode-noise genera¬ 
tor, a 6-dB pad, a broadband Avantek amplifier, a 
Heath SB-303 receiver, and an RMS ac VTVM as 
shown in fig. 9A. The noise factor of the pad/ampli¬ 
fier/receiver combination was first measured. The 
jfet amplifier under test was then inserted between 
the noise generator and the 6-dB pad, after which 
the overall system noise factor was measured. The 
noise factor of the jfet amplifier alone was then cal¬ 
culated using the well-known gain-noise factor equa¬ 
tion in rearranged form: 


F i = F t ~ %— ( 8 ) 

where F) is the noise factor of the jfet amplifier 

F 2 is the noise factor of the pad/ampli¬ 
fier/receiver combination 
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fig. 9. Test setup for the noise-figure and IMD measure¬ 
ments. 


G; is the power gain factor of the jfet 
amplifier 

F t is the overall system noise factor 

The noise figure is then simply 10 logio noise factor. 

Gain compression level measurements were made 
with an HP-8654B signal generator and an HP-8558B 
spectrum analyzer. Intercept point measurements 
were conducted using two HP-8645B signal genera¬ 
tors, a 3-dB hybrid junction, a 30-MHz lowpass filter, 
and an HP-8558B spectrum analyzer. Fig. 9B shows 
the test setup. Second-order intercept point meas¬ 
urements were made by first setting the signal gener¬ 
ator outputs to +3.5 dBm (or 0 dBm input to the 
amplifier after accounting for the 3.5-dB loss at the 
hybrid junction) at frequencies of 14 and 15 MHz. 
The difference in amplitude between the 14/15 MHz 
signal levels and the29-MHzsum product as observed 
on the spectrum analyzer was then added to the 0 
dBm 14/15 MHz amplifier input signal level to com¬ 
pute the sum product second-order intercept point. 
The signal generators were then tuned to 27/30 
MHz, and the second-order intercept point was again 
calculated, this time for the 3-MHz difference prod¬ 
uct. The amplifier second-order intercept point (ref¬ 
erenced to the amplifier input) was then taken as the 
lesser of the two measurements. 

Third-order intercept measurements were accom¬ 
plished by again setting the signal generators to 
14/15 MHz at 0 dBm input levels to the amplifier 
under test. Third-order intermodulation products 
appeared at 13 and 16 MHz. The difference in ampli¬ 
tude between the 14/15 MHz signals and the greater 
of the intermodulation products was divided by two 
and added to 0 dBm to arrive at the third-order inter¬ 
cept point (referenced to the amplifier input). 


summary and conclusion 

Broadband amplifiers for receiving applications 
require superior odd- and even-order intermodulation 
performance due to their greater bandwidths. Jfets 
make excellent low-noise broadband amplifiers in the 
high frequency and low vhf range, providing moder¬ 
ate gain and unsurpassed third-order intermodulation 
performance for the amount of current drawn. Sec¬ 
ond-order intermodulation performance is good, but 
may not be as good as that of certain bipolar transis¬ 
tors, particularly when these bipolar transistors are 
connected in push-pull. 8 

Other devices for consideration as low-noise 
broadband high-intercept point amplifiers include the 
Siliconix VMOS 7 and the Signetics DMOS fets. 8 The 
VMOS fets are capable of performance superior to 
that of E430s in terms of gain, bandwidth, and 
dynamic range. To secure maximum gain and lineari¬ 
ty, however, it is necessary to run hundreds of milli- 
amperes of current through the device, impractical 
for most receiving applications. A test of a Siliconix 
VNJ33AK VMOS fet at 50 mA of drain current (in the 
device square-law region) resulted in significantly 
poorer bandwidth and dynamic range than that of an 
E430 running at 34 mA. A test of the Signetics 
SD202 DMOS fet at 20 mA of drain current resulted in 
a gain somewhat greater than that of a J310 and a 
third-order intercept point comparable to that of an 
E430. The extremely low output capacitance of the 
SD202 resulted in improved bandwidth as well. 

Both VMOS and DMOS fets characterized for rf 
applications are still rather expensive, but both tech¬ 
nologies are rapidly advancing in terms of perform¬ 
ance and manufacturability. As a result, prices are 
certain to come down while performance improves 
(some Siliconix VMOS fets characterized for switch¬ 
ing applications already sell for under one dollar in 
large quantities). In the months ahead, we undoubt¬ 
edly can look forward to exciting developments in 
both of these expanding technologies. 
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the Hallicrafters story 


A fascinating account 
of one of Amateur 
Radio’s great names. 
How it grew, 
what it produced, 
and its demise in 
today’s Amateur market. 

But is 

Hallicrafters really dead? 

Of course not 

prologue 

The unmarked car pulled up in front of the small 
factory. It was a sultry, humid day in Chicago in 
August of 1941. The driver got out of the vehicle and 
strode purposefully into the office of the little com¬ 
pany. He displayed his credentials and, after a short 
pause, was ushered into the office of the president. 

The president, young Bill Halligan (W9WZE, now 
W9AC), greeted his visitor and quickly found what 
was wanted. 

"Mr. Halligan," the visitor said in self-assured 
voice, "we need an HT-4 transmitter." 

Bill Halligan shook his head. "I'm sorry, we 
haven't one in the place. And we don't even have 
one in production now," 

The visitor looked around the office and glanced 


out the door to the small production line. 

"How about a used one, or one that you keep for 
test purposes?" 

"None available at all, sorry," 

The visitor leaned forward across Bill's desk. "Do 
any of your dealers have one? I mean anywhere in 
the U.S.? How about sending some telegrams?" 

Bill Halligan produced a wad of letters and tele¬ 
grams from his desk. "It's the other way around," he 
replied. "They're all cleaned out and are asking for 
more HT-4 transmitters." 

"You don't seem to understand," said the visitor. 
"This is important and urgent. We must have a trans¬ 
mitter. At once. It is of the highest priority!" 

Bill sighed. "Well, how about my HT-4 transmit¬ 
ter? It's at home in my shack . . ." 

The transmitter was immediately brought to the 
factory, an old red brick building on Indiana Avenue. 
That weekend Bill and an engineer went over the 
HT-4, checking it out, and on Sunday an Army 
bomber roared away from Chicago Municipal airport 
with W9WZE's supreme sacrifice aboard — his own 
personal HT-4 transmitter. Not even the persistent, 
close-lipped visitor knew of its ultimate destination, 
but it was bound for a rendezvous with history (see 
epilogue). 

Bill Halligan received an early start in the world of 
wireless. As a high-school student before World War 
I, his homemade spark transmitter cut a broad swath 
in the 200-meter band, causing great anguish to the 
Navy radio operators in the Boston area. And after 
marine and Navy radio work in the Great War, he 
immediately went into radio as a profession in the 
Boston/New York area. But by 1931 he was a manu¬ 
facturer's agent in Chicago, just in time for the 
depths of the depression. It was a challenging time 
for an energetic fellow who wanted to build high- 
quality ham equipment — something he'd never 
done but always wanted to do. Perhaps now was the 
time. What did he have to lose? 


By William I. Orr, W6SAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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Schematic of the Super-Skyrider, the first Hallicrafters short-wave superheterodyne receiver. 


"I've just the name for you," said Lloyd Back, 
Bill's good friend in a local advertising agency. "Why 
don't you call your new company The Hallicrafters? I 
got the idea from an outfit called the Roycrafters, a 
printing company in New York that produces fine 
printing under the leadership of Elbert Hubbard. 
You'll be the artisans of the new science of radio 
communications. How do you like that?" 

the coveted RCA license 

The whole idea caught fire like wet leaves. It was 
1933, and hams were broke too. No one seemed 
interested in the simple Sky Rider receiver that Bill 
had designed. Another serious problem was also at 
hand: The little company was unable to secure a 
license to manufacture sets under patents held by 
the Radio Corporation of America. RCA was virtually 
a patent pool, holding patents on almost every basic 
radio circuit that existed. True, a licensing system 
existed for those well-heeled outfits that could pay 
the price. But it was too high for Hallicrafters. The 
company went into low gear, and Bill Halligan had to 
go to Silver-Marshall Company — a licensed compet¬ 
itor — to produce sets of his own design. 

It was a tough road. Bill would take a briefcase full 
of wiring diagrams, drawings, and photographs to 
ham dealers and secure orders for nonexistant 
receivers. When he had 50 or 100 orders, he'd depos¬ 
it the orders with Silver-Marshall and the sets would 
be produced — for cash only. 

"I've got to get an RCA license of my own," Bill 
told his wife. He knew that security and a future 
depended upon an RCA license. And he was going to 
get one. 

harsh days in Chicago 

Difficult days were ahead for Bill Halligan. He final¬ 
ly heard of a new, ultra-modern radio factory in 


Marion, Indiana, which was closing for lack of busi¬ 
ness. It had an RCA license! Hurrying to Marion, he 
sold the Hallicrafters' idea to the owner. Shortly 
thereafter the Hallicrafters' name appeared above the 
factory entrance. But the two partners lacked the 
money to produce anything, and the grim specter of 
bankruptcy loomed on the horizon. Both partners 
were deep in debt. Bill now had the RCA license, but 
he could do nothing with it! 

By one of those fascinating turns of fate. Bill Hali- 
gan chanced to meet Ray Durst. Ray was the credit 
manager for the Ecophone Company in Chicago, 
which has a large account with the plant in Marion. 
Ray felt that if he could collect the debt Marion owed 
to Ecophone, he might not be fired by that company. 

Bill and Ray got together to see if they could solve 
their immediate problems. The upshot of these dis¬ 
cussions was that Bill and his partner agreed to dis- 
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HALLICRAFTERS BC-610 Xmtr 

450 WATTS C.W. 

325 WATTS PHONE 

now available to the amateur! 



NET PRICE complete S 500 00 


This high-power tntn*mii(cr, fumed for 
i{% performance in (he SCK-JW nmh/lc 
radio station, is ready now fur YOU. 

Imludcs alt regular features of the 
familiar HT tl- . . . plus battle-tested 
improvements that make it better than 
eser. I urmshed complete with speech 
amplifier, tubes, sets of mils (l s in 
18 me.), and simple modification instrm 
lions for operation on Jo meters. l ike 
new — used only slightb. Fulls 
guaranteed. 

The BC 610 was a three stage transmitter using plug in 
coils. Tube line up was 6V6 crystal oscillator, parallel 807s 
buffer, and 250TH final amplifier. The modulator used p p 
lOOTHs A separate speech amplifier and antenna tuner 
were a part of the transmitter package. Pre war ham price 
was about $750 Post war surplus price was $500 The 
BC-610 was a popular ham transmitter up to 1948 when it 
was killed off because of excessive TVI. Tuning units and 
coils for this famous transmitter are occasionally found on 
the surplus market today. 

solve their contract. Bill and Ray then went to 
Chicago. There Bill met Clem Wade, the inventor of 
the Eskimo Pie ice cream stick and sole owner of the 
Ecophone Company's equally frozen assets. Would it 
be possible that some kind of agreement could be 
reached whereby Bill could make use of the facilities 
at Ecophone? Perhaps some kind of cross-licensing? 

Yes, it was possible. After a tangle of lawsuits with 
creditors, contracts, licensing agreements, incorpor¬ 


ations, and expensive paperwork. Bill Halligan and 
Ray Durst emerged with a company. Now, perhaps, 
the Hallicrafters dream would come true. 

before Pearl Harbor 

Hallicrafters was in business. It made radio 
receivers and phonograph combinations for Cape 
hart, Magnavox, and other Chicago radio compan¬ 
ies. And it wasn't long before handmade Hallicrafters 
shortwave receivers were being made. At long last, 
Bill Halligan had his factory and was in the ham radio 
business. 

Hallicrafters entered the ham market like a rocket. 
The Super Sky Rider receiver was announced in early 
1935. Modern marketing techniques and joint adver 
tising with distributors was tried — a new approach 
to the staid market of Amateur Radio. Bill Halligan's 
earlier work as a manufacturer's agent began to pay 
off. Within months Hallicrafters was a household 
word in Amateur Radio. Hallicrafters fielded a whole 
series of radio receivers and probably had more 
models on the market than all the other receiver 
manufacturers combined. Yearly model changes 
were made, high-style cabinets and attractive panels 
were used, and the massive volume of receiver pro¬ 
duction held the costs low — a Hallicrafters receiver 
existed for every purse. * 

the Hallicrafters 
HT-4 transmitter 

''Why not build a modern ham transmitter,'' Bill 
Halligan asked himself one day. With the aid of Bob 
Samuelson, the design for a powerful ham transmit¬ 
ter was drawn up — target price: less than $800.00. 



Bill Halligan and wife. Katie, with the very first model Sky 
Rider receiver of long ago Receiver was a trf job. soon to be 
supplanted by the Super Skyrider. a superheterodyne 
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Bill hoped that the Radio Amateur, now accustomed 
to buying a receiver rather than building it himself, 
to buying a receiver rather than building it himself, 
might be ready for a factory-assembled rig. 

The ham transmitter of 1938 was a sight to behold. 
The ham kilowatt then was a massive and awesome 
contrivance that towered in one or more relay racks 
to a height of six or seven feet — and with all the 
mobility of a grand piano. 



Early Haliicrafters television receivers are a collector's item 
now. This model had a push-button tuner that included TV 
channel 1. now the Amateur 6-meter band. 


Starting with a typical high-power transmitter 
design, Bob Samuelson and his engineers spent 
months over wiring diagrams and layouts, reducing 
the design to a height of 37 inches and decreasing 
the conventional seven power supplies to three. 
Complex switching circuits were simplified. Plug-in 
tuning assemblies were designed. The heavy steel 
relay rack construction was scrapped for a light steel 
frame usina the “stressed skin" techniaue developed 
for airplane fuselages. Transmitter weight was 
reduced from over a ton to about 500 pounds! 

The final design was a 450-watt phone and CW 
transmitter that contained no aluminum. It was made 
of automobile sheet steel, and, with the exception of 
the heavy transformers, it was easy and inexpensive 
to produce. 

mass production — 
a real problem 

Bill Halligan had no way of knowing that a war was 
about to start and that his HT-4 transmitter would be 
a mainstay for World War II communications. After 
all, he had built only twenty of them by the fall of 
1940. He was soon to be surprised. Suppose Ameri- 


*1 still have my Haliicrafters S20R. purchased with paper route money in 
the 1940s. Wouldn't sell it for any price. Editor. W6NIF 


ca got into the war? Would anyone be interested in 
the HT-4? Could production be stepped up to the 
unheard-of rate of one a day? What if someone 
wanted more? 

Less than a year later these questions became real 
when a delegation of French and British purchasing 
commissioners ordered more transmitters than Bill 
Halligan had built in the eight years his company had 
been in existence. Deliveries were a matter of life and 
death. And how about SX 28 receivers? Did he need 
money? Would cash in advance help speed things 
up? The heat was on. It was quite a shock to realize 
that Haliicrafters had a sold-out factory. Now, 
instead of selling people on the idea of buying Halii¬ 
crafters radio equipment, Bill had to sell other people 
on making them! 

Haliicrafters was well on the road by the time of 
Pearl Harbor. Production was the all-absorb.. g pas¬ 
sion. The factory was geared to devise faster, more 
efficient assembly techniques. Three shifts were 
started, and by the fall of 1941, a steady stream of 
radio equipment was being shipped to the British 
(who had taken over the French commitments). On 
the morning of December 7, 1941, Colonel George H. 
Sparhawk of the Army Air Force telephoned Bill Hal¬ 
ligan and told him that the Armed Forces were com¬ 
mandeering the British transmitters and that they 
were to be packed and out of Chicago by air that very 
night. 

the war years 
the SCR-299 is born 

Hitler's stunning victories in Poland, France, and 
the low countries revealed his secret weapons: 
speed, fluidity of attack, and instantaneous commu- 



Radio equipment installed in the famous SCR-299 or 
SCR 399 communication truck. At the right is the BC-610 
transmitter and antenna tuner At rear is the operating desk 
with two BC-342 short-wave receivers, speech amplifier, 
and control panel for the transmitter. In the foreground are 
the chests that contained extra transmission coils, tuning 
boxes, and spare parts. 
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Hallicrafters won five Army Navy E awards during World 
War II for excellence in production This photo shows 
BC 610 transmitters in final inspection before they were 
mounted in the communications vans in the background 

nications. The U.S. military service saw the need for 
a mobile radio station capable of communications 
over a wide range of frequencies, even while en route 
over rough terrain. The rough design for such a com¬ 
munications center was worked out at Fort Mon¬ 
mouth, New Jersey, under the direction of Colonel 
Roger B. Colton. Known as the SCR 299, the system 
consisted of a I'/a-ton panel body truck with four- 
wheel drive coupled to a heavy duty, two-wheel trail¬ 
er. In the truck body was a complete short wave 
receivers (BC-342s). In the trailer was a gasoline-driv¬ 
en generator that was used to supply power for the 
mobile station. A rugged whip antenna was mounted 
onto the truck. 

After long deliberation and tests, the ham-type 
HT-4 transmitter was selected for the SCR 299 com¬ 
munications truck. It was chosen because of its sim¬ 
plicity, small size, light weight, and ruggedness. And 
it had good, clear audio. Special military tuning units 
and handles were added to ensure quick and easy 
equipment removal from the truck. With some other 
minor changes, the ham rig was just right for military 
service. 

the SCR-299 in 
military service 

Production was now rolling. The SCR 299 was in 
service on every Allied battlefront from Alaska to 
China. SCR-299s were airlifted to Guadalcanal, 
North Africa, and Sicily. Among the first units to roll 
ashore at Normandy on invasion day was the 
SCR-299. Each SCR-299 carried a mile of telephone 
cable on a drum, permitting telephone lines to be set 


up for communications with distant areas. This 
enhanced the value of the SCR 299 where mobility 
was limited. 

the Sebold incident 

Finally, there was the celebrated case in which a 
German-American citizen, William Sebold, helped 
the FBI to apprehend a ring of Nazi spies. Sebold had 
returned to Germany to visit his family in 1939. 
Through coercion and intimidation, Sebold was 
forced to go through the great spy school in Ham 
burg. When he left Germany in 1940, Sebold had 
instructions and authority to establish a short wave 
radio station in the United States for direct communi¬ 
cations to Hamburg. 

Upon arriving in New York, Sebold went straight 
to the FBI, which helped him establish a secret sta¬ 
tion on Long Island, equipped with a Hallicrafters 
HT-4 transmitter. He did a fine job of putting careful¬ 
ly doctored misinformation into the hands of the spy 
chiefs at Hamburg. 

after the war 

By 1946 the war was over, and Hallicrafters turned 
to the future. The Hallicrafters transmitter (known by 
the military label BC-610, part of SCR-299) was being 
released on the surplus market for as little as $500, 
complete with tubes, antenna tuner, and speech 
amplifier only slightly more than the manufac¬ 
turing cost. As far as Hallicrafters was concerned, 
there was no ham future in the HT-4 design. 

To get peacetime production rolling, Bill Halligan 
brought out the S-38 and S-40 receivers (revamped 




Always on the go! The SCR 399 communications truck was 
used to negotiate the surrender of Rommel, the "Desert 
Fox," in north Africa. The SCR 399 was present at the D day 
invasion of Europe and accompanied General McArthur 
during his historic conquest of Leyte Island in the Philip 
pines. Gasoline powered generator is in trailer. Truck was 
supplied with three whip antennas for transmitting and 
receiving while in motion. 

versions of pre-war models) and started to plan 
ahead. By late 1946 he proudly announced the 
SX-42, an advanced superheterodyne receiver that 
tuned from 540 kHz to 110 MHz in six bands. 
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The famous Hallicrafters SX 28 receiver. Over SO.000 were 
produced for fhe Allied Forces. High styling and good per 
formance made the receiver a favorite among pre-war Ama 
teurs. Receiver incorporated two rf stages and tuned up to 
43 MHz. In 1946 it was replaced by the SX-42. 

A simple television receiver was also in the works. 
Hallicrafters had heard about single sideband trans 
mission. Yes, the future looked bright indeed in 1947 
as Hallicrafters settled down to profitable, post-war 
production of modern radio equipment. They had the 
know-how. 

More than fifty thousand SX 28 receivers had been 
built, and more than eighteen thousand SCR 299 
(BC-610) transmitters had been built, as well as near¬ 
ly ten thousand S 29 receivers. And now single side¬ 
band, television, and high-fidelity fm lay ahead, as 
well as CB radio on the distant horizon. The world 
looked good to Bill Halligan in 1947. He had really 
arrived in style! 

The problem was conversion from a war-time to a 
peace-time industry. Hallicrafters was spread over 
fourteen plants, some as small as a garage. The first 
matter of business was to consolidate operations. A 
new facility was built, and two other locations were 
retained for growth. 

Returning GIs remembered the name Hallicrafters. 
The company decided that, in addition to building 
ham gear, they would expand into the entertainment 
field. Television receivers, hi-fi equipment, and the 
Lowery organ were built by Hallicrafters. The com¬ 
pany continued to build military electronic gear, par¬ 
ticularly counter-measure equipment. 

But all was not smooth sailing. The home radio 
and television market was cutthroat. By 1956 Bill Hal¬ 
ligan was fed up. He couldn't compete and retain the 
high standards he'd set for Hallicrafters. The crisis of 
this uncomfortable situation was reached in the fall 
of 1957, when Bill Halligan sold out to the Penn 
Texas Company. While Bill gave up ownership of 
Hallicrafters, he still retained management. This 
operation was even less satisfactory, and late the fol¬ 


lowing year Bill bought the company back from 
Penn-Texas. Management of Hallicrafters was 
turned over to Bill's son. Bob Halligan. Bill remained 
chairman of the board. 

epilogue 

Over the years, Hallicrafters contributed many 
firsts to the electronics industry and to Amateur 
Radio. Some of these were the first use of silk- 
screened panels in place of expensive engraving, the 
use of smooth paint in place of black crackle paint, 
the calibrated S meter, the dual-diversity receiver, 
the automatic noise limiter, the temperature com 
pensated, high-frequency oscillator, the battery- 
portable, all-wave receiver, the dual AVC system, the 
bridge-T notch filter, and commercial production of 
an electronic keyer. 

W9AC is still active on the air, mostly on 7 and 14 
MHz CW. On occasion Bill can be found on 20 meter 
SSB. During the summer months he's on the air from 
W4AK in Florida. 

Keep your ears open for this pioneering Amateur! 
Bill's interest in Amateur Radio is as keen as ever. 
Even though he's not manufacturing ham radio 
equipment, he can still use it along with the best of 
today’s operators. 

In 1950, J. Edgar Hoover of the FBI told Bill Halli¬ 
gan that the HT-4 transmitter Bill had sold to the FBI 
agent in August, 1941, had been flown to Pearl Har 



Large numbers of the Hallicrafters S 36 IBC 787BI receiver 
were sold during wartime Tuning range was from 27 MHz 
to 140 MHz. which included vhf communications ranges 
of Allied. German, and Japanese ground and air forces. 
Receiver worked on both am and fm. 

bor and that it had been installed in the hills above 
Honolulu. It was the only active communications link 
to the mainland during the Japanese attack, because 
saboteurs had cut telephone lines in Honolulu. The 
old W9WZE transmitter served its country well dur¬ 
ing those painful hours of need. 

ham radio 
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phaselocked up-converter 


Last of 
a three-part series 
on a frequency synthesized 
local-oscillator system 

for the 
high-frequency 
Amateur bands 

In the first article of this series, I described the 
basic VCO synthesizer, or "first loop," which covers 
100-1600 kHz in 10-Hz steps. 1 Part 2 covered the 
phaselocked 9-MHz BFO system. 2 This article 
describes the phase locked up-converter, which 
translates the 100-1600-kHz output of the first loop to 
the LO frequencies required for each of the Amateur 
bands between 160 and 10 meters.* 

*Parts kits and circuit boards will be available from the author if there is suf¬ 
ficient interest. Send a self-addressed, stamped envelope for information. 


For coverage of the high-frequency Amateur 
bands in 500-kHz segments, the VFO signal must be 
translated to a higher frequency for each band with¬ 
out degrading the phase noise performance. The 
output frequency is the sum of the first loop 1 output 
frequency and that of a stabilized crystal oscillator. 
This frequency plan is shown in table 1. Fig. 1 is a 
block diagram of the up-converter. The output loop 
works by first mixing the VCO signal with that of the 
crystal oscillator (XO) then phase comparing the 
1100-1600-kHz result with the first loop output to 
produce the VCO control voltage. The presteering 
system ensures that the loop acquires lock and 
remains locked despite large temporary differences 
between the VCO and XO frequencies caused by 
bandswitching or sudden large frequency changes. 
Crystal-oscillator frequency accuracy is guaranteed 
by a simple divide-by-n loop, with the phase detector 
operating at 50 kHz. 

Crystal-oscillator section (fig. 2). Each 500-kHz 
band segment is selected by activating a crystal oscil¬ 
lator operating at a frequency 1100 kHz lower than 
the bottom end of the required LO frequency range. 
The collectors and the control voltage inputs of the 
nine oscillators are connected in parallel. The band- 
switch, SI, applies base bias voltage to the selected 
oscillator, leaving the others cut off. Common-base 

By Raymond C. Petit, W7GHM, Post Office 
Box 51, Oak Harbor, Washington 98277 
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fig. 1. Up-converter block diagram. 


buffer Q2 provides about 50 dB isolation between the 
rf output and the inputs to U2. The additional isola¬ 
tion provided by U2 and the PNP differential pair, 
Q3-Q4, effectively eliminates reverse signal-flow 
from the ECL and TTL circuits they drive. 

Phaselock section (fig. 3). The ECL output of the 
crystal oscillator section is divided to 100 kHz by 8-bit 
programmable binary counter U6-U8. The diode 
matrix controlled by SI sets the division ratio; the 
desired division ratio plus the binary number preset 
by the diode matrix must always equal 256. Because 
the phase detector requires symmetrical square- 
wave inputs for best performance, the 100-kHz out¬ 
puts of the counter and reference divider U3 are first 
divided by two in U5. The combination of very low 
VCO gain in the crystal oscillators and the high refer¬ 
ence frequency used in the phase detector make it 
possible to suppress reference-frequency modulation 
of the VCOs by more than 100 dB. 

Output loop (fig. 4). With care and good layout, the 
loop of fig. 4 will suppress the reference-frequency 
sidebands by at least 100 dB and reproduce the 
superb phase-noise performance of the first loop 
within about 6dB. 

Accompanying these advantages are some special 
problems. The capture range of the loop is about 250 
kHz, and there are two frequencies where the unas¬ 


sisted loop could lock for each bandswitch setting 
and first-loop output frequency. 

Assume the first loop has an output of exactly 
1500 kHz and the bandswitch is set for 40 meters. 
Then the output of the down-mixer can be exactly 
1500 kHz when output oscillator Q7 is set for 16.4 
MHz (desired frequency) or 13.4 MHz (image). The 
phase detector alone produces a maximum of about 
±100 millivolts. This is good for only about ±200 
kHz of VCO tuning range. Because the i-f port of the 
double-balanced mixer is dc isolated, a presteering 
voltage can be added to the phase-detector output 
voltage to put the output oscillator frequency within 
correct locking-frequency capture range. 


table 1. Frequency relationships for the frequency synthesized LO 
system. 


crystal-oscillator 

frequency 

(MHz) 

9.4 

11.4 

14.9 

21.9 

10.9 

17.9 

18.4 

18.9 

19.4 


1100 - 
+ 1600 = 
kHz 


system output 
frequency 
(MHz) 

10 . 5 - 11.0 

12 . 5 - 13.0 
16 . 0 - 16.5 

| 23 . 0 - 23.5 
12 . 0 - 12.5 
19 . 0 - 19.5 

19 . 5 - 20.0 
20 . 0 - 20.5 
on K_91 R 


+ i-f 
(MHz) 

-9 
-9 
-9 
- 9 _ 
+ 9 - 
+ 9 
+ 9 
+ 9 
+ 9 


frequency 
band covered 
(MHz) 

1 . 5 - 2.0 

3 . 5 - 4.0 
7 . 0 - 7.5 

14 . 0 - 14.5 

21 . 0 - 21.5 

28 . 0 - 28.5 

28 . 5 - 29.0 
29 . 0 - 29.5 

29 . 5 - 30.0 
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fig. 2. Crystal-oscillator section schematic. 


Presteering system (fig. 5). Two conditions must 
be met to guarantee correct lock. The first is that 
output oscillator Q7 frequency must be greater than 
that of the crystal oscillator. Call this condition B. 
This ensures that the system will not lock onto the 
image frequency. The second condition is that the 
difference between the two frequencies must be less 
than the 3-MHz cutoff of the lowpass filter following 
the mixer (condition A). A phase-frequency discrimi¬ 
nator can take over at this point and bring output 
oscillator Q7 frequency to within capture range. 

The presteering system is basically a crude down¬ 
mixing loop (such as the output loop), except that it 
can detect when either — or both — of the above 
conditions are not being met, and will steer the out¬ 
put frequency in the proper direction until these con¬ 
ditions are met. U9-U12 test for condition B. The 
4044 phase-frequency detector doesn't work reliably 
above a few MHz, so both inputs must first be divided 
by ten. Condition A is tested by the lowpass filter, ac 
peak detector, time-delay filter, and U17. If both con¬ 


ditions are met, the down-mixed signal from U16 and 
the first-loop signal through U20 are passed to U19 
by instruction decoder U18. Phase-frequency dis¬ 
criminator U19 and amplifier U21 bring the system 
into lock at exactly the correct frequency. 

If condition A is not met and condition B is met, 
the output oscillator frequency is more than 3 MHz 
above that of the crystal oscillator. U18 interrupts the 
normal signal flow and places U20 output on the R 
input of U19, causing U21 to pump down the pre¬ 
steering-voltage U17 signals. 

If condition B is not met, regardless of condition 
A, the output oscillator frequency will be below that 
of the crystal oscillator. Thus U18 interrupts the sig¬ 
nal from the downmixer while leaving the first-loop 
signal intact. This action causes the presteering out¬ 
put to pump up. Since, in this case, the output-oscil¬ 
lator frequency is below that of the crystal oscillator, 
these signals must pass through zerobeat in the 
downmixer before correct lock is possible. 

But a zerobeat condition will give no ac signal for 
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the peak detector. This action would give a false 
alarm on condition A, except that the time-delay fil¬ 
ter at U17 input keeps the input high until the beat 
returns. (Without this provision, the presteering sys¬ 
tem goes into a “dither" condition, which holds the 
output oscillator frequency close to that of the crys¬ 
tal oscillator.) 

test procedures 

For simplicity it's desirable to check out each sec¬ 
tion before connecting them. Sections already 
checked out can be used as test generators for suc¬ 
cessive sections. 


Crystal oscillator. Set bandswitch SI to 160 
meters. The dc voltage at the base of Q-1 (the 9.4- 
MHz oscillator) should be about 6 volts. Check for 
the 9.4-MHz signal with a scope or counter con¬ 
nected to the collector. With a potentiometer, vary 
the control voltage to check that it oscillates over the 
entire range and that it is exactly 9.4000 000 at some 
setting near midrange. Check the ECL and TTL out¬ 
puts for the 9.4-MHz signal. Repeat this procedure 
for each oscillator. 

Crystal phaselock section. Connect the oscillator 
ECL output to the clock input of the programmable 
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divider, and make the connections to SI. Connect a 
counter to the collector of Q5. For each setting of the 
bandswitch, it should be possible to adjust the con¬ 
trol voltage (as before) so that the counter reads 
exactly 100 kHz. This checks the diode matrix and 
programmable counter. Connect a 1-MHz frequency 
standard to the reference input. U3 pin 12 should 
show 100 kHz. U4 pin 12 should be exactly 50 kHz, 
and U4 pin 13 should be very close to 50 kHz. 

Check the CV output with a scope. As the CV input 
of the oscillator is varied, the phaselock section CV 
output should be a very-low-frequency triangle 
waveform, which goes through zero beat as the CV 
input voltage is brought through the middle of its 
range. Now close the loop by connecting the CV ter¬ 
minals of the two sections and removing the potenti¬ 
ometer. Put the counter on the oscillator-section TTL 
output and keep the scope on the (connected) CV 
terminals. Switch through all bands and check that 
the counter reads exactly the intended frequency and 


that the control voltage quickly settles to a constant 
dc level. 

Output loop. Connect only the voltage-varying 
potentiometer to the presteering input and the coun¬ 
ter to the rf output. Adjust LI to obtain a frequency 
of approximately 15 MHz when the presteering volt¬ 
age is 6 volts. Check for the TTL-level signal at the 
same frequency from the TTL output. Connect the 
crystal-oscillator section rf output to the downmixer 
rf port input. This signal level should be approximately 
200 mV rms. A 50-ohm T-pad on the oscillator output 
should be used to reduce the output to this level and 
provide a suitable termination for the mixer. 

Set the bandswitch for 40 meters. Connect a 
scope to the 3-MHz lowpass filter output, which 
drives the phase detector. Vary the presteering volt¬ 
age to observe the difference signal (zero to about 
3 MHz) at a level of about 100 mV rms. Connect the 
first-loop rf output to the phase detector and set 
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the first loop for 1100 kHz (all switches zero). Adjust 
the presteering voltage so that the frequency is 16 
MHz. For a small range of presteering voltage varia¬ 
tion, the output frequency should remain at exactly 
16 MHz. 

Presteering system. Connect everything except 
the presteering output. Keep the potentiometer on 
the output loop presteering input. As you vary the 
output oscillator frequency slightly above and below 
14.9 MHz, voltage B (U12, pin 7) should switch 
between zero and 5 volts. The output should be near 
zero volts when the output VCO is above 14.9 MHz. 

Put the counter on U16, pin 7. It should show a 
square wave at the difference frequency. As this dif¬ 
ference frequency goes above 3 MHz, approximately, 
voltage A (U17, pin 7) should jump from zero to 5 
volts. 

Now connect a voltmeter to the presteering out¬ 
put. When the VCO frequency is below 14.9 MHz, 
this output should increase to nearly 12 volts. When 
the VCO frequency is above 18 MHz it should drop to 
near zero volts. Remove the test instruments, con¬ 


nect the presteering output to the presteering input 
of the output loop, and then operate the system. 

note on phase detectors 

The phase detector in fig. 4 yields its best perform¬ 
ance when the two input signals are more than 30 
degrees out of phase. Phase-frequency discriminator 
U19 in the presteering system requires that the two 
signals be exactly in phase. If both are operating 
from the same set of input signals, they work against 
each other, producing chaos. This may be eliminated 
by driving U19 from a separate phase-shifted output 
of the first loop. Thus, while U19 sees a zero phase 
difference, the SLB-1 mixer sees its inputs shifted by 
at least 60 degrees, resulting in stable operation. U20 
delivers the required shifted output. 
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1. Raymond C. Petit, W7GHM, "Frequency Synthesized Local-Oscillator 
System for the High-Frequency Amateur Bands,"'tom radio, October, 
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The Antenna Company 

48 Perimeter Road, P.O. Box 4680 
Manchester, NH 03108 


A-3219 BOOMER 


Now you can really 
enjoy the challenge of work¬ 
ing that tough to work 2-meter 
DX. The all new Boomer 
3.2-X yagi gives 16.2 dBd 
forward gain. A high efficiency 
balanced feed system, with in¬ 
tegral balun, gives a clear, pre¬ 
cise pattern. The trigon reflector 
reinforces Boomers' 24 dB front to 
back ratio. Boomer has that right 
combination of features which will give 
you long path DX capability or allow 
you to participate in tropo, sporadic E, 
meteor scatter and EME activities. 
The Boomer is designed to last with a 
large diameter round boom for more 
strength with less wind load. It has a re¬ 
versible truss support, high strength alumi¬ 
num mounting plates and all stainless 
steel hardware. 

When you install Boomer, you'll appreciate 
our typical attention to detail. You can throw 
away the hack saw and hand drill. Boomer 
has a detailed instruction manual, precisely 
cut elements, plus machined and finished 
components which need only pliers and 
screwdriver to assemble. 
When you are ready to move up to even 
higher gain, we have complete stacking kits 
with everything necessary to assemble two. 

four and larger yagi arrays. 
Stalk down to your local dealer (anywhere 
in the world) for full details on Boomer. 

















has your needs well in hand 

Today's Amateur demands rugged, rapid and accurate communi 
cations between Hams in the know. That's why they choose the 
Wilson Mark Series of hand-held radios. With exceptional qualities 
like these . . . why not choose the most popular radio available 
for yourself? 

FEATURES 

Advantages such as solid state circuitry, rugged Lexan® case, 
removable rear panel (enabling easy access to battery com¬ 
partment) and compact mini-size enhance the Mark Series 
portable radio's versatility. In addition, Wilson carries 
a full line of accessories to satisfy almost any of your 
requirements. 

SPECIFICATIONS 

The Mark radios offer • 144-148 MHz range • 6 Channel operation 
• Individual trimmers on TX and RX xtals* Rugged Lexan® 
outer case • Current drain: RX; 15 mA, TX; Mark II; 500 mA, 

Mark IV: 900 mA • A power saving Hi/Lo Switch • 12 KHz 
ceramic filter and 10.7 monolithic filter included • 10.7 MHz 
and 455 KHz IF • Spurious and harmonics, more than 50 dB 
below quieting • Uses special rechargeable Ni-Cad battery 
pack • LED battery condition indicator • Rubber duck and 
one pair Xtals 52/52 included • Weight: 19 oz. including 
batteries* Size: 6" x 1.770" x 2.440". 

OPTIONS 

Options available, include Touch Tone Pad, CTCSS, 

Leather Case, Chargers for Desk Top, Travel or Auto¬ 
mobile, Speaker Mike and large capacity, small size 
batteries. 

For more details and/or the name of your nearest 
dealer, contact: Consumer Products Division, Wilson 
Electronics Incorporated, 4288 So. Polaris Ave., P. 0. 

Box 19000, Las Vegas, Nevada 89119. Phone 702/ 

739-1931. 


^ Wilson Electronics 
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Incorporated 

A Subtiduiry of MEGFNCV ELECTRONICS. INC. 
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More Details? CHECK-OFF Page 118 
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wideband amplifier summary 


A powerful tool 
for designing 
wideband amplifiers using 
transformer feedback — 
features include 
low intermod distortion 
and low noise figure 

Feedback amplifiers have been used in solid- 
state circuits for many years. Applications include 
wideband amplifiers for undersea cables, instrumen¬ 
tation amplifiers, and antenna amplifiers. For receiver 
front ends it's essential to combine good input impe¬ 
dance matching, low noise figure, sufficient gain, 
and a high intercept point. Good linearity can be 
achieved by using resistive feedback while sacrificing 
noise. A new circuit is presented combining all these 
advantages. It can be produced at very low cost. 

feedback intermod, 
and noise figure 

Bipolar transistors have a number of inherent non- 
linearities: 

1. Exponential base-emitter diode characteristics 

2. Current-dependent diffusion-layer input 

capacitance 


3. Voltage-dependent depletion-layer output 

capacitance 

The distortion is highly dependent on the gener¬ 
ator source impedance. If the generator source impe¬ 
dance is very small compared with the transistor/ 
input impedance, the input voltage will be directly 
converted into an output current. This exponential 
transfer characteristic is responsible for all current 
nonlinearities. 

The only cure for this type of distortion is current 
feedback. But current feedback provides two unplea¬ 
sant side effects: it increases the device input and 
output impedance and therefore creates a mis¬ 
match. If the transistor is driven by a current-source 
generator of infinite impedance, distortion will 
depend mainly on the current-gain linearity. Since 
the output is converted into a voltage gain, voltage 
distortion will result. The only cure for voltage distor¬ 
tion is voltage feedback. Voltage feedback has the 
disadvantage of reducing the device input and out¬ 
put impedance. 

The standard technique for current feedback is to 
use an unbypassed emitter resistor. This emitter 
resistor adds a significant noise contribution to the 
circuit, which is not phase correlated to the transistor 
internal noise sources. The resulting noise figure is 
typically between 6 and 10 dB. An amplifier with 
such performance cannot be considered a low-noise 
circuit. 

Voltage feedback is accomplished by using a resis¬ 
tor feeding voltage from the collector to the base. 
Again we find resistive losses resulting in noise, 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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which appears amplified as a product of the transis¬ 
tor gain at the output and which further reduces 
amplifier performance. Typically the noise figure of a 
wideband amplifier using this type of feedback as the 
sole source is at best 4 dB when ultra-low-noise tran¬ 
sistors such as the Siemens BFT66 are used. The 
noise figure of the same circuit, at the same dc oper¬ 
ating point without any feedback, is about 1 dB. An 
attempt should therefore be made to maintain the 1- 
dB noise figure while increasing the dynamic per¬ 
formance. 

The intermodulation distortion as well as the noise 
figure is dependent on the emitter current. Fig. 1 
shows the two-tone test performance for two car¬ 
riers of zero dBm at the input as a function of the dc 
current. It's obvious that the performance is not 
improved above 10 mA, which also indicates that the 
cutoff frequency peaks around 10-15 mA. This per¬ 
formance will vary from transistor to transistor. A 



fig. 2 



DC CURRENT, mA 


fig. 1. Two-tone test results (left) for two carriers of zero 
dBm at the input of a wideband amplifier as a function of dc 
emitter current. Improvement is limited above 10 mA. 


fig. 2. Noise figure (right) of a wideband CATV transistor 
amplifier versus emitter current. The transistor is a BFT65 
used in a recent design for wideband antenna amplifiers. 


typical CATV transistor, such as the 2N5109, has a 
flat curve of constant intermodulation distortion pro¬ 
duced between 20 and 80 mA. 

Fig. 2 shows the noise figure of a wideband CATV 
transistor as a function of dc current. This transistor 
(a BFT65) is a recent design for wideband antenna 
amplifiers. However, similar performance can be 
achieved with the less-expensive 2N5109. It's obvi¬ 
ous that until the amplifier is driven to a level that the 
output voltage swing gets close to the collector dc 
voltage, the distortion and intermodulation is caused 
by the exponential transfer function. 

noiseless feedback 

If we use a feedback system as shown in fig. 3, in 
which the collector resistor is transformed back in 
series with the emitter by a transformer, the emitter 
will be grounded through a resistance depending 
upon the collector load. It's apparent that the voltage 



fig. 3. Feedback circuit in which the collector resistor is 
transformed back in series with the emitter by a trans¬ 
former. Transistor emitter will be grounded through a resis¬ 
tance depending on the collector load, thus voltage gain is 
independent of load changes. The core is a Siemens B62152- 
A0004-X001. 

gain is independent of any load changes, which 
results from the definition that the voltage gain is 
equal to the collector load resistor values divided by 
that of the unbypassed emitter resistor. Since this 
emitter resistor is derived by feedback, it adds no 
noise contribution. Therefore, this type of feedback 
is called "noiseless feedback." 

Let's assume that the transformer collector-to- 
emitter turns ratio is three to one. Then the impe¬ 
dance ratio is nine to one, and the 450-ohm collector 
load will result in a 50-ohm emitter-current feedback 
impedance. Ideally this impedance is resistive. If the 
transistor is operated at 20 mA, the differential out¬ 
put impedance from emitter to ground will be about 1 
ohm, assuming a current gain of fifty and a generator 
impedance for the transistor stage of 50 ohms. 
Therefore, we have a voltage division whereby the 
input voltage between base and ground is divided by 
forty-nine parts across the emitter impedance and 
one part across the base-emitter junction. The 
amount of current feedback is fifty and the linearity 
improvement is also roughly fifty, or 33 dB. The 
third-order intercept point, as shown previously with¬ 
out feedback, was about 30 dBm and has now been 
increased by 33 dB, resulting in about 63 dB. 

The power gain of this stage can be calculated 



I 4 rI 2‘ I l’ V ‘l M - v 3 n 2 *V3-I|-Z|(-X4R e + V4 
i4--i 3 n 2 ;v 0 -v 3 ,x 0 .i i + ij. i ? ■ 11e -i p/F T 

fig. 4. Schematic diagram of a bridge-type circuit which 
adds voltage feedback in order to lower the circuit's input 
impedance. 
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fig. 5. Voltage and current feedback amplifier using a 
2N5109. Shown is input impedance (ohms) as a function of 
transformer turns ratio with R E as a parameter. 


The circuit input impedance is: 

7 - Z n + R E l3C-jVFT 

^ in ~ 

(l+—) (l+J-(3e-J F/F r 
\ n 2 ! \ n 2 



and the output impedance is: 


from the voltage gain, which would be ten divided by 
the impedance scaling at the output, from 450 ohms 
to 50 ohms. Therefore a voltage gain of ten divided 
by three results in a power gain of about three. This 
power gain is defined by the input and output, 
whereby the transistor input impedance has become 
fairly high in value. 

As stated earlier, the second source of distortion is 
voltage distortion. We will now apply voltage feed¬ 
back to decrease the input impedance to a suitable 
value, such as 50 ohms. 

voltage feedback 
using a transformer 

Fig. 3 shows a bridge circuit, which transforms the 
transmitter emitter-to-ground impedance to a value 
determined by the bridge transformer turns ratio and 
puts it in parallel between base and ground. This 
feedback reduces the output impedance and is there¬ 
fore counteractive to the current feedback. For 
developing the mathematical equations, Re is the 
emitter and bypassed resistor value, which has been 
obtained by using a collector transformer. The vari¬ 
ous feedback network voltage and currents are in¬ 
cluded. While the mathematical derivation of this cir¬ 
cuit takes a few minutes, only the results are shown. 



fig. 6. Same amplifier as in fig. 5. Gain as a function of trans¬ 
former turns ratio is shown with R E as a parameter. 


7 - ( Rc + Zll ) (U\ 2 

out V 0 I [nil 

-(»+ TT 1 ) &)' 121 

The power gain has been determined as: 



Z; ~ 500Q, from Z E 


( V BAT~ VSAT) 2 

2Pqut 


test data 

Figs. 5 and 6 are the results of computer runs 
showing test data obtained with an experimental 
wideband amplifier using a 2N5109 transistor. Fig. 5 
shows input impedance (ohms) as a function of 
transformer turns ratio, N, with R E as a parameter 
(ohms). Fig. 6 shows amplifier numerical gain as a 
function of transformer turns ratio, N, again with R E 
as a parameter. To obtain a 50-ohm input impedance 
with R e = 10 ohms, for example, a transformer 
turns ratio, N, of about eight is required. For 
R e = 50 ohms, the required turns ratio is about two. 

conclusion 

It's apparent that this circuit in its final form, pro¬ 
viding an intercept point for third-order distortion of 
more than 70 dBm, is a very powerful tool in design¬ 
ing new wideband amplifiers. Because of trans¬ 
former feedback, the noise figure is only about 2 dB. 
In a pushpull version, this circuit has shown a 
second-order intercept point of more than 120 dBm. 
These numbers appear to be much better than those 
for previously published amplifiers. 

ham radio 
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improved GaAs fet preamp 


for 144-432 MHz 


Experiments with a 
new mesfet from NEC 
featuring simplified bias 
and amplifier circuits 

Since its publication in the April, 1978, issue of 
ham radio, my article describing a 432-MHz low- 
noise preamplifier using a NE24406 GaAs fet 1 has 
resulted in many inquiries from readers. These inquir¬ 
ies have prompted some experiments with a new 
device, the NE24483 GaAs mesfet (metal semicon¬ 
ductor fet). The NE24483 has characteristics identical 
to those of the NE24406, but it costs less. This article 
presents the results of my experiments with the new 
device, which include 

1. bias-circuit simplifications for the 432-MHz 
preamp; 

2. applications of the NE24483 to 144-MHz ampli¬ 
fiers; and 

3. circuit simplifications for the 432-MHz preamp. 

simplified bias circuit 
for 432-MHz preamp 

Fig. 1 shows the preamp circuit in reference 1. 
Separate power sources are arranged for the gate cir¬ 
cuit (minus voltage) and the drain circuit (plus volt¬ 
age). (This circuit is discussed later.) When EME 


communications (i.e ., high-power systems) are con¬ 
sidered, this is the safest bias circuit for fets. How¬ 
ever, with GaAs fets, if the drain voltage is applied 
first, a current will flow that reaches I D $s (saturation 
current when the gate voltage is zero); in some low- 
noise transistors this current may reach 100 mA. 
Therefore, it's desirable that a method be used that 
always switches on the minus voltage to the gate. 
However, it's difficult to provide such a minus 
voltage. 

Fet bias circuits. Fig. 2 shows five methods for 
supplying bias to fets. 2 Each method has its advan¬ 
tage, and no method can be said to be the best; how¬ 
ever, the method easiest to use (considering compo¬ 
nent mounting and operation) has been employed. 

Although the method shown in A of fig. 2 is a 
bother to implement, it's a superior bias method for 
fets at extremely high frequencies, as in an 18-GHz 
amplifier. This is because, with this method, the 
source can be directly grounded, and the grounding 
inductance can be maintained smaller than with any 
other method. So this method will be significant 
when high gain at the high-frequency bands, or a 
low-noise amplifier, is desired. 

In all methods other than A, a bypass capacitor is 
inserted in the source. Of these methods, D and E 
require only one power source. If a sudden increase 
in supply voltage occurs, series resistor R s is con¬ 
nected to the source ( D and E, fig. 2) so that a volt¬ 
age, E, will appear across the R$ terminals and will 
automatically suppress the voltage increase between 
drain and source: 

E=(Rs)(AI D ) (1) 

where A I D is the increment of drain current caused 
by a sudden increase of supply voltage 

Transistor protection is thus automatic. 

Although circuit E (fig. 2) has this feature, circuit 

By Shigeru Sando, JH1BRY, 8-17-204 
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E is inconvenient to implement because a minus 
power supply must be used. In general, circuit D 
should be used. 

Design. Generally, about 15 per cent of I D $s is opti¬ 
mum as the recommended biasing point of these 
transistors for low-noise applications. Characteristics 
are shown in table 1 . Table 1 shows 60 mA as a typi¬ 
cal value for loss. so the bias circuit design is based 
on this value. A value of 20 milliohms is typical for 
the gm (transconductance) when V D $ = 3 volts and 
Ip — 10 mA. 

To determine when= (0.15) (loss) = 9 mA : 

R s = ( 2 ) 

R s is determined as: 

R s= /20mmho 

= 5.67/0.02 
= 283 ohms 

If a drain current, I D , of 9 mA flows when R s = 280 
ohms, the voltage across R s will be: 

R S I S = (280) (0.009) = 2.52 volts (3) 

If the voltage, Vos, between drain and source is set 
to 3 volts, it will be sufficient for the bias if the power 
supply delivers V DS + (RsId)' 

v ds+ ( r s j d) = 5.52 volts 

= 3+1(280) (0.009)] = 5.52 volts 

The bias circuit is now complete; its design is shown 
in fig. 3. Fig. 4 shows the fet amplifier of reference 1 
in which the bias circuit has been arranged to that 
described above. 

Practical considerations. If a 5-volt, three-terminal 
voltage regulator is used in the power supply, further 
protection against damage is provided. Needless to 


say, in this case the voltage between drain and 
source will be somewhat lower than 3 volts, but ab¬ 
solutely no change will be noticed in actual use. 

Attention should be paid to the value of R s when 
the ieXgm, Vp (pinch-off voltage), or I DSS is irregular. 
Rs should be set to a value between 210 and 280 
ohms at which the drain current, I D , is the specified 
value. 

With a preamplifier employing this biasing method 
(self-bias), supplying bias will be very easy, even 
when the amplifier is mounted directly under the 
antenna. 

144-MHz band preamplifier 
employing GaAs fets 

The impedance characteristics of the NE24406 in 
the 435-MHz band were shown in reference 1. These 
characteristics are shown in fig. 5. 

r fopt indicates the impedance at which the noise 
figure, NF, becomes minimum when the transistor 
input circuit is matched to this impedance. Theoreti¬ 
cally, this value has the following meaning. It shows 
what noise figure, NF, will be obtained when a cer¬ 
tain impedance is connected externally to an element 
having an intrinsic minimum noise figure of F 0 . 

NF = F 0 + ^ l(G s ~Go) 2 + (B S - B 0 ) 2 ] (4) 

Here, G 0 and B 0 are the conductance and suscep- 
tance, respectively, when the noise figure is mini¬ 
mum. They have the following relationship: 

T fopt ~ Go+jB 0 . (5) 

From eq. 4 it can be seen that the minimum noise 
figure will occur when Gs+jBs = Z s becomes: 

r fopt (Go = Gx; B 0 = Bs) (6) 

When any other impedance is connected, a noise 
figure is obtainable that's always worse than the case 
where Z$ — T fopt- 


table 1. Typical electrical characteristics of the NE24406 and NE24483. Ta = 25C(32F). 



symbol 

conditions 

min. 

typ. 

max. 

unit 

drain current 

^ss 

V DS = 3.0 V, 

v gs - 0 

30 

60 

100 

mA 

pinch-off voltage 

maximum oscillation 

Vp 

V DS = 3.0 V, 

l D =100 M A 

-1.5 

-3.5 


V 

frequency 

^max 

V DS = 3.0 V, 

l 0 = 30 mA 


55 


GHz 

transconductance 

Gm 

V DS = 3.0 V, 

l D = 10 mA 


20 


mV 

maximum available 

MAG 

Vne = 3.0 V | 

[ f = 4.0 GHz 


17 


dB 


Do | 

f = 8.0 GHz 

10 

12 


dB 

power gain 


l D = 30 mA | 

[ f = 12.0 GHz 

9 


dB 

noise figure 

NF 

V DS = 3.0 V 
l 0 = 10 mA , 

f = 4.0 GHz 
f = 8.0 GHz 


1.5 

2.7 

3.8 

dB 

dB 




f = 12.0 GHz 


3.7 


dB 
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POWER 

SUPPLY 


Now take another look at fig. 5. T FO pt * s at the 
edge of the Smith chart in a position where it is a pre¬ 
dicted value for the 144-MHz band. In any case, a 
matching circuit for this value seems feasible. 

The experimental 144-MHz GaAs fet schematic is 
shown in fig. 6. The pi network in the output is a 3- 
dB attenuator. (When these transistors are used in 
the 144-MHz band they may oscillate.) 

A Johanson air trimmer is in series with the input, 
since only 4 to 5 pF is required. An inexpensive Phil¬ 
ips trimmer capacitor could also be used. Fig. 7 
shows assembly and simple structural drawings of 
the preamplifier. 

Incidentally, an NF<0.7 dB and a gain>22 dB 
wfere obtained with this amplifier. These component 
values are approximately the same as those of the 
430-MHz preamplifier previously described. They 
show that, at frequencies in this range, no improve¬ 
ment in noise figure occurs as a result of lower fre¬ 
quency, and the noise figure has a flat characteristic. 

BNC connectors have been used in the input and 
output, but type N connectors would probably be 
better. The preamp shown in fig. 6 employs self¬ 
bias. The bias circuit described previously can be used. 

further simplification 
of the 432-MHz system 

At the beginning of this article I described a simpli¬ 
fied method for supplying bias (fig. 4). However this 
circuit employs four expensive air trimmer caps. I've 
received some comment about the difficulty of ad¬ 
justing these air trimmers, so further simplification is 
in order. 

The idea was to match the input circuit using a sin¬ 
gle fixed capacitor for Cl instead of the air trimmer 
(figs. 4 and 6). Theoretically it should be possible to 
replace the variable cap with a fixed cap of the cor¬ 
rect value to obtain minimum noise figure. 

Take another look at fig. 5. For minimum noise 
figure in the 430-MHz band, the impedance should 
be 50 +j400. This means that aj400 reactance should 


HE24406 OUT 



fig. 1. The low-noise 432-MHz preamp described in refer¬ 
ence 1. An improved self-bias circuit has been designed 
(fig. 4). 



0) £ -► MINUS V G 

(2) V D -- PLUS V p 




PLUS POWER 
SUPPLY ONLY 



MINUS POWER 
SUPPLY ONLY 


fig. 2. Five methods for supplying bias to GaAs fets (from 
reference 2). 


be connected to the 50-ohm line. Close examination 
of fig. 5 shows that an impedance of 50+j400 is situ¬ 
ated on the 50-ohm impedance line at a point in a 
counterclockwise direction when seen from the cen¬ 
ter of the Smith chart. A reactance element that 
gives a trace moving in a counterclockwise direction 
on the impedance line is a series capacitance. With 
this information, it can be seen how the GaAs fet 
preamplifier is designed. 

Th ej400 impedance is expressed by: 

2irfC = j400 (7 * 

where / = 435 MHz 
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^ 400X 2vf 

1 

400 X 2% X 10* 

= 0.915X 10~ 13 
= 0.915 pF 

Therefore, it can be seen that, matching for a mini¬ 
mum noise figure, NF, can be accomplished by 
employing a 0.915-pF series capacitor. 


fig. 3. Self-bias circuit 
for the NE24406/ 
NE24483. 



In practice, the circuit will be affected by the cir¬ 
cuit series inductance. However, since a series in¬ 
ductance produces a trace which moves in a clock¬ 
wise direction on the impedance line, the capaci¬ 
tance of the series capacitor must be increased to 
compensate this inductance. 

As seen from the size of the chassis used, the in¬ 
ductance of the capacitor leads can be estimated to 
be several tens of nH. About 1.2 pF can be consid¬ 
ered optimum. Therefore, it will be ideal if the air 
trimmer in the input circuit and the single-turn coil 
resonate at the desired frequency in the 432-MHz 
band and they are employed only as an infinitely 
large impedance. 

The circuit is shown in fig. 8. In this circuit the 
number of air trimmers has been reduced by one. 


than 1 dB; thus they are candidates for receiving sys¬ 
tems of tremendous sensitivity, but this isn't easy to 
attain. In a high-sensitivity receiving system, thought 
must be given to the system as a whole, including 
the antenna and coaxial cable. 

Noise at receiver terminals. Here the relationship 
between antenna and receiver sensitivity is discussed. 
In fig. 9, a "no-loss" bandpass filter with a band¬ 
width of B is assumed. A load resistor is connected 
across the output terminals, and a resistor equal to 
the filter input impedance, within the passband 
range, is connected to the filter input terminals. 

In this state, when the resistor connected to the fil¬ 
ter input is maintained at absolute temperature, T 
(degrees Kelvin ), thermal noise will be generated by 


90- 



fig. 5. NE24406/NR24483 impedance characteristics. 



fig. 4. GaAs fet preamp using self-bias. Reference 1 shows 
component values. 

With the method of connecting a 1.2-pF fixed capac¬ 
itor in series with the input, a noise figure of NF< 0 .7 
dB was obtained, as were characteristics identical to 
those of the preamplifier presented before. 

system sensitivity 

All these preamps have a noise figure, NF, less 


this resistor and will flow into the filter output load. 

The noise power, N, flowing into the load resistor 
is: 

N = - = kTB(hf<<kT) (8) 

ehf/kT — i 

where 

h - Planck's constant (6.62 Xl0~ 34 joules/sec.) 
k = Boltzmann's constant (1.38 X10 23 joules/deg.) 

Eq.8 shows that the noise generated by the resistor 
is proportional to the absolute temperature. 

Accordingly, this absolute temperature is called 
the noise temperature. The magnitude of the noise 
can be expressed by the noise temperature, T; the 
noise power, N, can be expressed as N = kTB. 

In the example above. I've shown the results of 
thermal noise generated within a typical receiver 
input circuit. The resistor connected at the filter input 
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Cl. JOHANSON 3295 

02 JOHAHSON 5102 

C3 JOHANSON 5202 

04 PHILIPS 3pF I OR JOHANSON 32341 

LI.L2 51 0.5mm(N0.24), Bmml5/I6“)ID 

PI 13 OHMS 1/4 OP 1/3 W 

R2 33 OHMS 1/4 OP 1/8 W 


fig. 6. GaAs fet preamp for 144 MHz using self-bias. 


represents this noise. But what about other noise, 
such as that entering the receiving antenna from 
space? 

In this case, the receiving-antenna output termi¬ 
nals are connected to terminals 1 and 1' (fig. 9) 
instead of the resistor. 

Noise coming from space or artificial (manmade) 
noise will appear at the antenna output. Connect a 
noise-power meter of N watts to the bandpass-filter 
output. Determine: 


Ta = 


N_ 

kB 


(9) 


which is the antenna noise temperature. This tem¬ 
perature is the same as that of the resistor in fig. 9, 
whose thermal noise exactly replaces the noise com¬ 
ing into the antenna. 


the thermal noise generated by the resistive loss of 
the transmission line, and c) the noise generated 
inside the receiver are compounded. Let's convert all 
of these noise powers to their equivalent at the 
receiver input terminals. 

Antenna noise. If the antenna noise temperature is 
assumed to be Ta, then, as described before, the 
noise power flowing into the transmission line from 
the antenna output will be kTaB. Now, if the trans- 
mission-line insertion loss (coaxial cable) is taken as 
10 logi 0 L (dB), the antenna noise power flowing into 
the receiver input terminals will be: 


kTaB 

L 

where L is the cable insertion loss. 


( 10 ) 


Transmission line noise. The transmission-line ab¬ 
solute temperature is assumed to be T 0 K, and a mat¬ 
ching load resistor is connected in place of the anten¬ 
na in fig. 10. Then a load resistance is con¬ 
nected, and the load resistance and transmission line 
are maintained at a temperature of T 0 K. 

The noise power occurring at the receiver input 
terminals will be kT 0 B. Of this noise power, the por¬ 
tion generated by the matching load resistor, which 
appears at the receiver input terminals, will be 
kT 0 B/L. Therefore, the actual thermal noise power 
generated by the transmission line will be: 

kT 0 B(l — } L ) (11) 


Receiving-system noise characteristics. As 
shown in fig. io, the antenna is connected to the 
receiver through a transmission line (coaxial cable). 
In this case, a) the noise coming into the antenna, b) 


If the line has no loss, L will become 1; therefore, 
from eq. 11, noise generated by the line will become 
zero. This is a natural result, considering the principle 
that thermal noise is produced by resistance. 




6 3- TERMINAL REGULATOR F BNC CONNECTOR 

HOLE FOR PLACING TRANSISTOR G PARTITION BOARD. BOTH SIDES PC BOARD, 

MADE OF DUPLEX GLASS-FACED EPOXY HEIGHT- 16mm(0.625") 


fig. 7. Parts layout and assembly drawings for the 144-MHz preamplifier. 
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t A FIXED CAPACITOR,l.2pF C INPUT 

B tOOOpF SOLDER CAPACITORS ATTACHED 0 OUTPUT 

TO PARTITION BOARD £ NE24483 OR NE24408 

fig. 8. Simplified 144-MHz preamp using a fixed capacitor for the input circuit. A noise figure of 0.7 dB was obtained, as well as 
characteristics identical to those of the preamp in fig. 6. 


Receiver-generated noise. Whatever noise figure 
an amplifier has, when an attempt is made to obtain 
gain, the noise figure will always be degraded com¬ 
pared with the SN(S in /N;n) of the input signal. 

When a preamplifier having a noise figure NF I and 
gain Gj is connected in front of a receiver having a 
noise figure NF Z , the overall system noise figure is: 

NF = NFj+ NF 2~ 1 (12) 

w 

In this case, if NFj< <NF 2 and G;>>7, the 
receiver noise figure will be improved. 

As previously mentioned, noise power can be con¬ 
verted into temperature; this relationship is: 

T e (290) [(NF- 1)] (13) 

When considered in terms of power: 

N = kT e B (14) 

and this amount of noise power will appear at the 
receiver output. 

Over-all noise characteristics. The sum of eqs. 
10, 11, and 12 is the overall noise power at the 
receiver input terminals. When this is taken as N: 

N = kB + T 0 - +T e = kTB (15) 
Therefore: 

T = T l + T 0 (l - j-)+T e (16) 

T is the receiving system over-all noise temperature. 

The smaller the value of T, the better. (Note that 
the coaxial-cable loss, L, always has a value larger 
than 1.) The noise at the receiver output is always the 


sum of a) the noise coming into the antenna, b) the 
noise generated in the coaxial cable, and c) the noise 
generated in the receiver. So the receiving system 
should be constructed with the distribution of these 
noises in mind. 

When the receiver noise, including the coaxial 
cable loss, is higher than the antenna noise tempera¬ 
ture, it will be necessary to obtain a signal that will 
override this noise. In such cases a preamplifier 
ahead of the receiver will be effective. But since the 
over-all noise temperature won't become lower than 
the antenna noise temperature there may not be 
much effect, even when the receiver noise tempera¬ 
ture is extremely low compared with the antenna 
noise temperature. 

Preamplifiers and receiving systems in practice. 
The relationship between the equivalent temperature 
of natural noise and frequency is shown in fig. 11. 
Using this relationship as a datum, let's discuss 
receiving systems using GaAs fet preamplifiers. 
(Understanding will be made easier if actual numeri¬ 
cal values are inserted into eq. 16.) 

BANDPASS FILTER 


T (°K) 

N NOISE POWER 
R LOAD RESISTANCE 
TOO ABSOLUTE TEMPERATURE OF NOISE 
SOURCE IN DEGREES KELVIN 

fig. 9. Explanatory diagram for noise-temperature dis¬ 
cussion. 
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An ideal antenna is assumed, whose noise temper¬ 
ature in the 432-MHz band is determined solely by 
natural noise. Then, from fig. 11: 

T a = 48Kat 435 MHz 

A system as shown in fig. 12 is used as an example. 
Let's consider a state when the temperature is 17C: 

loss of coaxial cable, L = 3 dB 

noise figure of receiver = 1 dB 

The over all noise temperature, T, for this case is 
determined from eq. 16. First, the loss, L, of the 
cable is converted into an antilog: 

log- 1 3 dB = 1.9 (17) 

Next, the NF = 1 dB of the receiver is converted to 
noise temperature, T e , using eq. 13. For this, 
NF = 1 dB is converted into an antilog: 

log ~ 1 1 dB = 1.3 (18) 



B COAX CABLE 
C RECEIVER INPUT 
D RECEIVER 
£ RECEIVER OUTPUT 

fig, 10. Noise-generating points in a receiving system. 


Substituting this value into eq. 13 yields: 

T e = 290X (1.3— 1) = 87K (19) 

T 0 = 273 degrees + 17 = 290K (20) 

Calculation of eq. 16 yields: 

T = + 1 290K(1- y^)J 4 -87 = 249K (21) 

If a coax cable wifh absolutely no loss can be used, L 
in eq. 16 will be L = 1 and will be sufficient if: 

T = T a + T e (22) 

is calculated. 

In this case: 

T = 48 + 87 = 135K (23) 

will be obtained. 

Let's take another look at eq. 16, which shows the 
over-all noise temperature of the receiving system. 
Suppose you have a receiver with a noise figure of 



fig. 11. Antenna equivalent temperature as a function of fre¬ 
quency with natural noise as a parameter. 


NF = 1 dB connected to a coax cable with a 3-dB 
loss. According to eq. 21, the over-all noise figure, 
NF, will be: 


NF = 10log 10 (l+ (24) 

= 2.7 dB 

This can be explained as follows. An antenna having 
a noise temperature of T a = OK, and a receiver hav¬ 
ing a noise temperature of T e = 0 are assumed. 
When a 3-dB attenuator is connected to the receiver 
input, what will become of receiving-system noise 
figure? The noise figure should be 3 dB. But accord¬ 
ing to eq. 16 the noise temperature is about 145K, 
and the noise figure, NF, will be 1.8 dB. When think¬ 
ing about a receiver, the signal-to-noise ratio should 
be considered. When a 3-dB attenuator is connected 



fig. 12. 432-MHz receiving system used as an example for 
showing the relationship between natural noise and fre¬ 
quency. Antenna noise temperature, T a (from fig. 11), is 48K 
at 432 MHz. 
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to a receiver having 0-dB noise figure, the noise 
figure will be3dB (noise temperature 290K). 

signal-to-noise ratio 

With regard to the signal entering the receiver 
input, the transmitting-antenna gain is expressed by 
Gj, the power output by P T , and the receiving- 
antenna gain by G R . A loss occurs between the 
transmitting point and receiving point, which is 
expressed as Ls■ Furthermore, when the coaxial- 
cable loss from the antenna is expressed as L, the 
strength of the signal entering the receiver will be: 

S=PgG t G rt ± z (25) 

To calculate the signal-to-noise ratio, eqs. 15 and 16 
are added to eq. 25. Then: 

SN = P T G t G r -r~ /kTB 
Ls L 

- PtG t Gr 1 _ {26) 

L S lT a +T 0 (L~l)+LT 0 ]kB 

Only the second term of eq. 26 is the portion in 
which the receiving-system sensitivity is shown. 
Therefore, from eq. 26, it can be understood that, 
when a 3-dB attenuator is connected to an amplifier 
of NF = 0 dB, the system noise figure will be degrad¬ 
ed by 3 dB, as well as the signal-to-noise ratio, SN. 

T r = T a +T 0 (L-l) + LT e (27) 

is defined as the noise temperature of the receiving 
system including the coaxial cable. When the above 
example is calculated again using eq. 27: 

T' = 48+[290(1.9- 1)\ + [1.9X87\ = 474K (28) 

This value has the surprising amount of 339K differ¬ 
ence compared with the value when the coaxial- 
cable loss isn't considered. 

This difference is more than 3 dB, so if an amplifier 
or preamplifier of good noise figure and ample gain is 
placed directly after the antenna, without any coaxial 
cable, the noise figure may be improved more than 
the loss (3 dB, in this example) of the coaxial cable. 
This occurs because the coaxial cable has resistance 
and generates some noise. 

points for EMErs 

To perform EME in the 432-MHz band in Japan, a 
maximum output of 500 watts is sometimes permit¬ 
ted. However, in such cases, when transmitting, 
some power may detour and damage the GaAs fet 
amplifier. 

Consider fig. 13. What degree of isolation should 



/ TRANSMITTING CASE 

ISOLATION BETWEEN —' 

THESE POINTS IS A 
A PROBLEM 

fig. 13. When using high power, isolation in the coax switch 
is important to protect the fets in the preamp. 


the coaxial switch have on the input side of the pre¬ 
amplifier to be adequate? 

Here, a transmitting power output of 500 watts is 
expressed as 57 dBm. If the coaxial-switch isolation 
is 30 dB in the 432-MHz band, the power that will 
detour to the preamplifier input during transmission 
will be 27 dBm (500 mW). Will the fet be protected at 
this level? 

Table 2 shows the power level at which the GaAs 
fet approaches breakdown in the 432-MHz band 
when the input power is gradually increased. These 
are values determined by my experiments in the 432- 
MHz band. Answers to such questions as “How long 
will the fets withstand a level 1 dB lower than these 
values?" are, I regret to say, not yet available. 

The power differences in table 2 occur because of 
the difference in the biasing methods, and are of 
great interest. Let's consider why this difference 
occurs. 

Fig. 14 shows two biasing methods. When the 
input power is inceased in method A, at a certain 




fig. 14. Allowable maximum input power is smaller for the 
self-bias method (see text). 
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moment the gate-source span will become forward 
biased, the current l s will increase. However, when 
current Is increases, a potential drop /sX/? is 
created; and in time, the source potential will rise, 
impeding current flow in a forward direction in the 
fet. Then, only a voltage in the reverse direction will 
be applied between gate and source; and when this 
voltage exceeds the reverse breakdown voltage 
between gate and source, it will bring about fet 
breakdown. 

However, in the case of B of fig. 14, the gate volt¬ 
age is always maintained lower than the source 
potential by the application of a constant potential. 
This constant potential prevents the gate voltage 
from being more greatly negatively biased (reverse 
direction) through the rising of the source potential 
by the input voltage. From this, it can be seen that 
method B is strong against breakdown. 

From the standpoint of construction and adjust¬ 
ment, method A of fig. 14 is very stable. However, 
there is the contradiction that this stability is hard to 
obtain under actual operating conditions. It's impera¬ 
tive that the maximum input power of the preampli¬ 
fiers described in this report be designed to have a 
value 3 dB lower than the values shown in table 2 


table 2. Allowable maximum input of GaAs fet pream¬ 
plifiers. 


fet 


CW 


with two bias circuits: 


NE24483 

NE24406 


23 dBm (100 mWI 


with self-bias circuit: 


NE24483 

NE24406 


20 dBm 


ssb 


28 dBm 1158 mWI 


25 dBm 


Therefore, when a self-bias circuit is employed, an 
isolation of 40 dB will be required to transmit at 500 
watts (7 dBm). Furthermore, although these values 
have been determined experimentally, I've found 
that when input power is applied without applying 
bias, breakdown will occur at values 1-2 dB lower 
than those shown. Thus, when high-power opera 
tion is attempted, it will be safer to keep the bias 
applied during transmission. 

Finally, it's desirable to consider using a delay 
circuit that will ensure transmitting power is always 
cut off before the coaxial switch is moved to the 
receiving position. This will ensure further safety of 
operation. 
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where science gets down to business 


diversity reception: 


an answer to 
high frequency 
signal fading 

* 

Diversity reception 
techniques are discussed 
with ideas on how 
they can be implemented 
with today’s equipment 

Signal fading is one of the principal problems 

confronting Amateurs in the high-frequency or short¬ 
wave bands. This seems strange, because fading 
was one of the earliest high frequency problems to 
be investigated. A 1927 QST article 1 shows that a 
worthwhile reduction in the adverse effects of fading 
can be obtained by using diversity reception. 

What is diversity reception? With diversity recep¬ 
tion, two or more different, or diverse, antenna/ 
receiver combinations are used to receive the same 
signal. A two-channel system is known as dual diver¬ 
sity; a three-channel system, triple diversity. Diver¬ 
sity reception is widely and effectively used in com¬ 
mercial high frequency installations but has never 
been popular with Amateurs. One wonders why. 
Considering what the development of stereo did for 
the hi-fi industry, I'm surprised that the receiver man¬ 
ufacturers didn't push diversity reception years ago. 

In this article I discuss fading and explain how 
diversity reception can minimize signal loss due to 
fading. I then discuss equipment considerations for a 
diversity reception system. 

diversity reception 

Although it's not apparent to a listener with one 
receiver and one antenna, fading is not uniform over 
the surface of the earth. If the listener had several 
antennas separated by between two and ten wave¬ 


lengths, with each antenna connected to its own 
receiver, he'd find that the signal received by the var¬ 
ious antennas faded more or less independently of 
one another. The probability of all receivers being in 
a fade at the same time is very small. So, if several 
receivers are connected so that the receiver with the 
strongest signal can be chosen, the effect of fading 
can be greatly reduced. 

Fig. 1 a strip-chart recording of a CW signal 
received on 19 MHz using a triple space-diversity sys¬ 
tem. The first three rows show each channel individ¬ 
ually, while the bottom row shows the combined sig¬ 
nal. Note the reduction in fading of the combined 
output. 

The fading characteristics of the two signals of a 
dual-diversity system may be described mathemati¬ 
cally by what is known as the correlation coefficient 
of fading, R. This coefficient may have any value 
between - 1 and + 1. When R = + 1, the two sig¬ 
nals will vary in the same direction; i.e., both signal 
will be either above or below a reference "minimum 
usable signal level" (MUSL) at the same time. In this 
case , diversity operation will obviously not provide 
any improvement. 

WhenY* = - 1, the two signals will always fade in 
opposite directions; when one signal is above the 
MUSL, the other will always be below it. In this situa¬ 
tion, diversity operation will provide fade-free recep¬ 
tion, since one of the signals will always be above the 
MUSL. Unfortunately, negative correlation factors 
are seldom found in practice. 

When R = 0, the two signals will fade completely 
independently of each other. In this case, the propor¬ 
tion of time that both signals spend below the MUSL 
simultaneously is equal to the product of the propor¬ 
tion of time that each signal will be below that MUSL 
individually. 

The advantage of diversity reception is measured 
by what is called "diversity gain" and is given in dB. 
Diversity gain is the increase in average signal level 
obtained from a diversity receiving system compared 
with the level obtained from a single-channel receiver 
averaged over a period of time, usually 5 to 10 min¬ 
utes. Diversity gains of between 3 and 20 dB are typi¬ 
cal in commercial practice, and gains approaching 
these values are probably obtainable in Amateur 
practice, a worthwhile improvement in average 
received signal level. 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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Commercial stations using high frequency propa¬ 
gation commonly use three antenna/receiver combi¬ 
nations; the law of diminishing returns applies for 
more than three. A substantial improvement can be 
obtained, however, using only two receiving sys¬ 
tems, and it's doubtful if more than two channels are 
justified for Amateur applications. 

fading 

To understand how diversity reception improves 
reliability, it's necessary to understand the fading 
phenomenon. Fading in the high frequency, or short¬ 
wave, bands is basically of two types: path failure 
* and multipath. 

Path failure occurs when the ionosphere can no 
longer reflect the transmitted frequency back to 
earth. A good example of this is the way signals on 
10, 15, and 20 meters fade out at night: The signals 
just gradually disappear into the noise. This type of 
fading is also known as "flat fading," since all fre¬ 
quencies over the usual information bandwidths fade 
together. Nothing can be done to overcome this type 
of fading except to change frequency; if the signal is 
not there, two receivers are not going to hear it any 
better than one. Path failure isn't a serious problem 
anyway, because propagation forecasts can gener¬ 
ally predict which frequencies will fade and when, so 
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that you can arrange your operating plans accord¬ 
ingly. 

Multipath fading is much more annoying and is the 
result of two or more waves from the same transmit¬ 
ter traveling over different paths and arriving at the 
receiver with different phase relationships. If the 
length of these paths differs by an odd multiple of a 
half wavelength, which is only about 10 meters (35 
feet) at 14 MHz, the two waves will arrive out of 
phase, and a fade will occur at that frequency. If their 
path lengths differ by one wavelength, the two 
waves will arrive in phase, and a "fade-up" will 
occur. 

The distance from the East Coast to the West 
Coast of the United States is about 5000 km (3000 
miles), and the radio path is slightly longer because 
of its round trip to the ionosphere. A path difference 
of only 10 meters (35 feet) represents a very small 
percentage difference between the two, so it isn't 
any wonder that multipath fading occurs and creates 
the problem it does. 

types of diversity reception 

The ionosphere is not stationary but dynamic — 
more so at some times than others. Paths are con¬ 
stantly changing in both number and length. There¬ 
fore signals fade in and out randomly at different 
locations, at different times, and on different fre¬ 
quencies, all depending on the signal polarity and its 
angle of arrival. This phenomenon gives rise to five 
different types of diversity reception: space, polariza¬ 
tion, angle of arrival, time, and frequency. 

Space diversity. The most common form of diversi¬ 
ty reception used by commercial high-frequency sta¬ 
tions is space diversity. In commercial practice triple 
diversity is usually used, with the three antennas 
spaced at the corners of an isosceles triangle measur¬ 
ing two to ten wavelengths on a side. 2 Increasing the 
spacing beyond this amount doesn't materially 
improve reception, nor does using more than three 
antennas. Many experimenters, including Amateurs, 
have found that a worthwhile diversity gain can be 
obtained on the 20-meter band by using only two 
antennas spaced about 15 meters (50 feet) apart. 
Therefore, space diversity can be practical for Ama¬ 
teur stations restricted to a modest suburban lot. 
With correlation coefficients of fading as high as 0.6, 
space diversity can still provide a significant diversity 
gain. 


fig. 1. Strip chart recording of keyed CW signals from the 
output of the three separate channels of a triple-diversity 
receiver is shown in rows A, B, and C. The combined output 
is shown in the bottom row, illustrating the reduction in 
fauing possible with this type of system (from reference 2, 
page 543). 


Polarization diversity. Where space is a limiting 
factor, as it is at many Amateur locations, a consider¬ 
able reduction in the effects of fading can be obtained 
from polarization diversity; that is, using one horizon¬ 
tal antenna and one vertical antenna, each connect- 
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ed to its own receiver. The same tower that supports 
the horizontal antenna, or one end of it, can also act 
as the vertical antenna. Polarization diversity is possi¬ 
ble because the vertical and horizontal components 
of the received signal do not usually fade simultane¬ 
ously, even at the same location. 

Some Amateurs report an unusual effect when 
using polarization diversity: The ionosphere gets 
hung up on one polarization for extended periods of 
time, often several days. When this happens, a 
single-receiver channel using the wrong polarization 
would report that conditions were bad, whereas a 
polarization diversity system would report good con¬ 
ditions. 

The advantages of space over polarization diversi¬ 
ty, if any, are not clear. Grisdale et al.3 report more 
diversity gain with space than with polarization diver¬ 
sity under some conditions, and vice versa under 
other conditions; the differences are too detailed to 
list here. In any event, significant diversity gains are 
obtainable with either type of diversity, with the dif¬ 
ference between the two usually limited to 2.5-3 dB. 

Angle-of-arrival diversity. This method uses one 
or more antennas with lobes at various vertical 
angles of arrival. Experiments have shown that 
waves arriving at vertical angles differing by as little 
as two degrees will give significant diversity gains. 
Close control of the vertical radiation pattern requires 
a vertical antenna many wavelengths tall; therefore 
this type of diversity system doesn't appear to be 
practical for most Amateurs. 

Frequency diversity. Two separate frequencies are 
used to transmit the same message, because differ¬ 
ent frequencies don't necessarily fade at the same 
time. By transmitting the same message simultane¬ 
ously on different frequencies and listening to the 
stronger of the two, circuit reliability can be improved. 
Frequency separations as small as 400 Hz will give 
considerable improvement on long-haul, high-fre¬ 
quency paths. It therefore appears possible to 
receive the two sidebands of an a-m or DSB signal, 
demodulating each sideband separately with two dif¬ 
ferent SSB receivers, thus receiving frequency diver¬ 
sity. (I will discuss this later.) 

Time diversity. Time diversity uses two channels, 
usually with the same transmitter, antennas, and 
receiver. Imagine a transmitter capable of transmit¬ 
ting two teletype signals simultaneously. Start a 
message on channel A and a minute or so later 
restart the same message on channel B. At the 
receiving end, match the messages received on the 
two channels. The probability of the circuit fading 
out during the same portion of each message is 
much lower than the probability of a fade on only one 


channel, so that an improvement in circuit reliability 
can be obtained. Delay times of between 0.05 and 95 
seconds, depending on conditions, have been found 
to give improvement. 

Note that both frequency and time diversity 
improve reliability by sacrificing channel capacity, 
i.e., by halving the number of messages that can be 
transmitted over the circuits in a given period of time. 
If there were no fading, two different messages 
could be transmitted over the same two circuits. 
Space, angle of arrival, or polarization diversity, 
however, don't reduce the channel capacity. 

diversity transmission? 

Diversity reception has been shown to increase the 
average signal level, so one might reasonably ask if 
additional improvement could be obtained by trans¬ 
mitting over two or more antennas. The answer is 
no. Because fading is caused by multipath, using 
two transmitting antennas with either space or polar¬ 
ization diversity would double the number of possible 



fig. 2. A simple polarization diversity receiving system. 


different signals reaching the receiver, thereby 
increasing the possibility of multipath fading. 

The best thing that the transmitter can do is to 
concentrate its available energy in as small a beam as 
possible, i.e., use an antenna with as much gain as is 
practicable. This is standard practice anyway, so no 
changes are necessary at the transmitter. 

diversity receiving techniques 

If we assume polarization diversity, which appears 
to be the most practical for Amateur use, the 
simplest form of a diversity receiving system consists 
of two separate receivers, one connected to a verti¬ 
cal antenna and the other to a horizontal antenna. 
The output of each receiver is connected to separate 
headphones, such as are commonly sold for stereo 
use; see fig. 2. This is a simple and effective method, 
but it has the disadvantage that the receiver whose 
input signal is "down" generates noise, making it dif¬ 
ficult for the operator, since the noise changes from 
ear-to-ear. 

This problem can be easily corrected by tying 
together the age circuits of the two receivers. In this 
way the age of the "up" receiver will tend to mute 
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the "down" receiver, minimizing the noise in the 
down channel; see the sketch in fig. 3. 

The next obvious step is to combine the audio out¬ 
put of the two receivers in a common amplifier, as 
shown in fig. 4. However, this technique can only be 
used for phone reception, a-m or SSB; not for CW. 
The reason is that for CW the audio-tone output of 
each receiver has a phase that depends upon the 
phase of the rf signal received by the respective 
antenna. As the relative phases of each rf signal vary 
in a random manner because of multipath effects, 
the phase of each audio tone will vary randomly, too, 
and there will be times when the audio tones will be 
. 180 degrees out of phase. A fade will then occur in 
the receiver combined output, even though the sig¬ 
nal in each receiver is strong. This is just what we are 
trying to avoid! 

There are two solutions to this problem. The first, 
used by the commercials, is to take the second- 
detector output as a dc pulse and add the pulses in a 
simple summing network. The resulting pulses will 
be relatively fade-free and are used to key an audio 
oscillator, which the operator hears in his headset. 

The second technique uses what is called a "heter- 
o tone" 4 oscillator, which is simply a multivibrator 
operating at about 400 Hz generating two square 
waves 180 degrees out of phase. These are used to 
alternately gate each diversity i-f channel. This signal 
modulates the CW signal at the intermediate fre¬ 
quency. 

Tuning a CW signal using a heterotone oscillator is 
definitely different from tuning one with a hetero¬ 
dyne oscillator, or BFO; with the heterotone no 
change occurs in pitch as you tune through the 
signal. 

early diversity receivers 

Considering all the advantages of diversity recep¬ 
tion, there have been surprisingly few attempts to 
develop diversity techniques for Amateur use. The 
earliest attempt of which I am aware was in 1936 by 
Carll Roland, 5 who used two antennas 183 meters 
(600 feet) apart connected to two short wave broad¬ 
cast receivers. Even with such primitive equipment 
and many trials and errors, Roland's results were 
good. The final sentence in his article reads: "If the 
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fig. 3. A polarization diversity receiving system with age 
muting of the "down” receiver. 
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fig. 4. A full dual-polarization diversity receiver for phone 
work. 


broadcast listeners had not wanted their receivers 
back, we would have kept on using diversity 
reception." 

The second step was taken by James J. Lamb and 
J. L. A. McLaughlin, 6 who designed what is prob¬ 
ably the first single-tuning-control diversity receiver. 
They developed this receiver specifically for Dr. 
James M. B. Hard, an American who will be remem¬ 
bered by old timers as XE1G in Mexico City. 

QST for December of 1937 describes the third step 
in an article by J. L. A. McLaughlin and Karl W. 
Miles. 7 They refer to the May, 1936, receiver (my ref¬ 
erence 6) and say, in part: 

It has conclusively demonstrated the practicability and 
desirability of diversity reception for amateur and experi¬ 
mental communications work. Even with two antennas 
spaced but 50 feet apart, good diversity action has been 
obtained, especially on the 14-Mc band. Dr. Hard reports 
that many times when fading conditions and heterodyne 
interference became so bad as to make his other single 
receivers useless, the dual diversity still brings in an intelli¬ 
gible signal. 

This receiver was considerably improved over the 
earlier version, mostly in a simplified mechanical 
design and an improved i-f amplifier. Apparently it 
was also built specifically for Dr. Hard and became 
the prototype of the Hallicrafters dual diversity 
receiver model DD-1. It contains many unique and 
advanced engineering features, even by today's 
standards. I'll not go into detail now; see the photo¬ 
graph of my model in fig. 5. It's a very impressive 
piece of equipment! 

With diversity reception it's not necessary to use 
specially made receivers or even identical receivers. 
Taylor 6 describes a 10-meter diversity system using a 
Hallicrafters SX-17 and a Skyrider 5-10 receiver. His 
antennas were a horizontal 10-meter dipole and one- 
half of a vertical 5-meter beam. One end of the IO¬ 
meter dipole was attached to the pole that held the 5- 
meter beam. 

As an example of his results, Taylor describes the 
10-meter reception of a GM6 late one afternoon: 

. . . most of the Britishers had already passed out of the 
picture. With a single receiver and antenna his signal was 
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so hashed up by a fast fade from S9-plus down into the 
mud that only about one word out of five was understand- 
able. On switching in the other half of the diversity combi¬ 
nation his signal was brought up and smoothed off at a 
level which rarely fell below S-8; a solid and completely 
intelligible signal . . .. We will guarantee a thrill the first 
time you see one of the "S" meters . . . drop down to the 
bottom of the scale with the signal still pouring out of the 
'phones in fine style. 

A slightly different approach to diversity reception 
has been suggested by Bartlett. 9 Bartlett connects 
each antenna to a separate rf preamplifier; the output 
of each of the two preamplifiers is connected in par¬ 
allel to a single receiver of conventional design; this 
would be the normal station receiver. The preampli¬ 
fier stages are switched on and off, 180 degrees out 
of phase, at an audio rate usually between 300 and 
1000 Hz. A block diagram is shown in fig. 6. In this 
manner only one antenna at a time is connected to 
the receiver so that phase relationships between the 
two antennas are not important. The receiver output 
is proportional to the strongest signal present in 
either antenna at any instant of time. 

Because the incoming signal is modulated at the 
switching frequency this method is useful only for 
CW. This method also has an unusual effect on the 
receiver output. If the signal in one antenna is up and 
the other completely down, the signal reaching the 
receiver is modulated at the switching frequency. If 
both antennas receive equal signal levels, the signal 
reaching the receiver is modulated at twice the 
switching frequency. 

If one antenna has a strong signal with the signal 
from the other antenna fading in and out, the effect 
on the output is a changing tone that depends on the 
strength of the fading signal. Bartlett claims this 
effect is "very pleasing" to most CW operators; I 
haven't tried it myself. It sticks in my memory that a 
device similar to this was advertised in QST right 
after World War II, but I've not been able to find the 
advertisement in my old magazines. 



fig. 5. A Hallicrafters dual-diversity receiver. Model DD-1. 
This is the only commercially made receiver intended for 
diversity reception, circa 1939 
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fig. 6 Block diagram of Bartlett's dual diversity preselec¬ 
tor/adapter for CW work. 


Bartlett 9 also states that when using polarization 
diversity, there may be "days at a time" when the 
vertical signal is 10 to 15 dB lower than that of the 
horizontal signal. I don't know if this is true in gener¬ 
al, or if it results from the use of a smaller vertical 
antenna than horizontal antenna. 

equipment considerations — receivers 

By now you may be wondering what changes are 
needed to equipment designs to make diversity 
reception practical. The design of a diversity receiv¬ 
ing system is not that difficult. At one time a diversity 
receiver was a truly substantial piece of equipment in 
both size and cost; fortunately, the development of 
modern semiconductor devices has reduced both the 
size and the cost of receiver components. And, since 
the second receiver will be a duplicate of the first, 
there will be no additional engineering costs. 

As the details of different receivers vary consider¬ 
ably, and as each receiver designer/builder has his 
own ideas as to what a good receiver should be, I'm 
not going to discuss a detailed receiver design. The 
characteristics required of a good diversity receiver 
are the same as those needed for a good single-chan 
nel receiver: sensitivity, stability, low noise figure, 
low intermodulation response, good shielding, and 
so on. The only difference is that you build it twice! 
Numerous articles on this subject have been pub 
lished by ham radio ; I need not repeat that infor¬ 
mation. 

Good shielding is very important. First, it's neces¬ 
sary to keep the horizontal and vertical channels elec¬ 
trically separate. Leak through from one to the other 
before final detection will cause a loss in diversity 
effectiveness. With two separate receivers, using 
separate local oscillators, leak-through of one oscilla¬ 
tor to the other mixer will cause birdies, because the 
two oscillators will, in general, not be on exactly the 
same frequency. 

There are several ways of minimizing the oscillator 
leak-through problem other than the use of shielding. 
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fig. 7. Simple frequency diversity receiver for independent demodulation of the upper and lower sidebands of an a-m signal. 


One is to use receivers with different i-fs. Taylor 8 
used a Hallicrafters SX-17 with a 465-kHz i-f and a 
Skyrider 5-10 with a 1600-kHz i-f with good results. 

If receivers with the same i-f are used, one oscilla¬ 
tor can be realigned to put it on the high side, with 
the other oscillator on the low side, of the signal. 
(This may have an adverse effect on tracking in the 
modified receiver.) 

Probably the best arrangement is to use the same 
oscillator for both channels. Even here, though, con¬ 
siderable care must be used in mixer design to ensure 
that the received signal from one channel doesn't 
leak through the common oscillator bus into the 
other channel. What has been said concerning the 
local oscillator applies equally well, of course, to all 
local oscillators in a multiple conversion or SSB 
receiver. 

adapting current 
transceiver designs 

Because the current trend in Amateur equipment 
design is toward the transceiver, I'll present some 
general ideas on adapting current transceiver designs 
to diversity reception. As pointed out earlier, there’s 
nothing the transmitter can do to improve diversity 
reception, thus the transmitter portion of a transceiv¬ 
er will remain unchanged. Most of the bulk, weight, 
and cost of a modern high frequency transceiver is in 
the transmitter section, the transmitter power sup¬ 
ply, and the frequency control unit (synthesizer); the 
receiver itself is very small. And this is the only por¬ 
tion of the transceiver that must be duplicated. 

Probably the single most important thing that 
transceiver manufacturers can do to aid in diversity 
reception is to make the various oscillator injection 
voltages and age bus available, suitably buffered, on 
the back apron of the transceiver. This will permit an 
external adapter, either commercially manufactured 
or homemade, to be easily attached. It will then be 


practical to add an external diversity adapter contain¬ 
ing the rf, i-f, audio, and combining circuits neces¬ 
sary to complete the diversity receiving system. 

In the preceding material I've assumed a simple 
summing network for combining the output of the 
two receivers, as this appears to be the simplest and 
most appropriate for Amateur use. Actually, the sub¬ 
ject of an optimum combining law for two (or more) 
signals has occupied many, many pages in various 
journals. 

Combining laws can vary from a hard-switching 
law [i.e., switching to the receiver with the strongest 
signal) to more sophisticated and beneficial laws. 
Leonard R. Kahn 10 has asked this question: "For a 
given ratio of diversity signal levels, how much of the 
weaker signal and its noise should be added to the 
stronger signal and its noise to obtain the optimum 
signal-to-noise ratio?" He then answers his own 
question by showing that a square-law is best. That 
is, the ratio of the two signal levels should be 
squared, then summed. 

The method I've sketched, summing the detected 
signals and tying the age buses of the two receivers 
together, will have a combining law that depends on 
the age characteristics of the receivers. The most 
desirable law for Amateur purposes probably can be 
determined only after considerable experimentation. 

The types of combining described so far are 
known as "post-detection combining." The combin¬ 
ing is accomplished after detection, when the rf/i-f 
phase information has been removed. Additional 
diversity gain is possible by using "predetection com¬ 
bining," combining the signal before detection. This 
method requires that the signals be added in phase 
and is much more difficult to achieve. 

equipment considerations — 
the antenna 

Assuming polarization diversity, it's essential that 
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fig. 8. Simple frequency diversity receiver for independent demodulation of the upper and lower sidebands of a DSB signal. 


the horizontal antenna and its transmission line 
respond only to the horizontal component of the 
received signal. Similarly, the vertical antenna and its 
transmission line should respond only to the vertical 
component of the received signal. 

In both cases, the transmission lines are probably 
the biggest problems. For the horizontal antenna, the 
vertical down-lead is the problem area. With the ver¬ 
tical antenna, horizontal runs away from the antenna 
are potential trouble spots. 

If coaxial cable is used, it should have a tight shield 
braid, or, better yet, be double-shielded.* A high- 
grade balun should certainly be used in both antennas. 

frequency diversity 

In describing frequency diversity, I mentioned that 
frequency separations as small as 400 Hz could be 
used to provide diversity gain. Since audio frequen¬ 
cies below about 300 Hz are usually filtered out in a 
voice transmitter, the two sidebands in an a-m or 
DSB signal will be at least 600 Hz apart, giving rise to 
the possibility of using frequency diversity. 

The simplest embodiment of a frequency diversity 
receiving system for a-m or DSB signals is shown in 
fig. 7. Here a single antenna, receiver front-end (rf 
amplifier, mixer, and local oscillator) drives two i-f 
amplifiers. One i-f amplifier has a filter that covers the 
carrier and upper sideband; the other i-f amplifier 
covers the carrier and lower sideband. Each amplifier 
output is separately detected, then combined in a 
common audio amplifier. The age bus of the two 
amplifiers may be tied together. In this way, the two 
sidebands are independently received and detected, 
then combined. Summation does not take place until 
after the rf phase information has been removed 
from both sidebands, so that multipath effects 
between the upper and lower sidebands will not 
cause fading. 

This system gives a surprising amount of diversity 


gain, except when the carrier itself is in a fade; then 
the two sidebands don't have anything to beat 
against, so that demodulation is not possible. The 
receiver output sounds like a DSB signal with the BFO 
off. 

The next obvious improvement is to provide a 
locally generated, fade-free, noise-free carrier to 
demodulate the two sidebands. This scheme is 
shown in fig. 8. Since the carrier is no longer needed 
to demodulate the sidebands, why transmit it? Put 
the carrier energy into the sidebands to increase talk 
power and transmit a DSB. 

As I write this, I can imagine ham radio readers 
coming to a full stop! Didn't we fight the SSB vs DSB 
battle 25 years ago and decide on SSB? 

The answer, of course, is, yes, we did. DSB lost for 
three basic reasons: 

1. When the two sidebands of a DSB signal are 
demodulated in the same detector, the stability re¬ 
quired of the locally generated carrier is extremely 
critical. 

2. Multipath effects between the upper and lower 
sidebands cause fading. 

3. Extra bandwidth is required in an already over¬ 
crowded spectrum. 

In a frequency diversity receiver, items 1 and 2 
don't apply because the two sidebands are 
demodulated in separate detectors — not in the 
same detector. The frequency stability required of 
the inserted carrier may be somewhat higher than for 
SSB; if it gets too far off, one sideband sounds like 
Smokey the Bear, the other like Squeaky the Squir- 

*A point well taken. Many Amateurs tend to take coaxial transmission lines 
for granted. Many types of coax cable are offered for sale. Most are 
marginal as far as shielding is concerned. If you're interested in diversity 
receiving systems, it's well worth obtaining good-quality coax cable. The 
ARRL Handbook describes problems that can occur when using marginal- 
quality coaxial transmission lines. Editor. 
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fig. 9. Simplified block diagram of a compound diversity receiver using both frequency and polarization diversity to receive an 
a-m or DSB signal. 


rel. The stability, however, is only on the order of a 
few hertz instead of a few degrees. 

Detecting the two sidebands separately also 
eliminates fading caused by the two sidebands being 
180 degrees out of phase because of multipath. Fur¬ 
thermore, since the probability of both sidebands be¬ 
ing below the MUSL simultaneously is considerably 
lower than that of either sideband being below the 
MUSL separately, fading should be considerably less 
of a problem with the sidebands independently 
demodulated. 

The additional bandwidth will still be with us and 
may be considered the price paid for diversity gain. 

With present-day technology, it's not impractical 
or expensive to build a compound diversity receiver, 
using both frequency and polarization diversity. A 
block diagram of such a receiver is shown in fig. 9. 

conclusion 

I've described the advantages of the variious types 
of diversity reception and shown how they can be 
implemented with Amateur equipment. Because of 
space limitations I have hit only the highlights. 
Anyone who's going to pursue this type of work 
should become familiar with the references cited. 
Much of the original work on this technique was 
done 40 years ago, so I am, admittedly, reinventing 
the wheel. I firmly believe, however, that diversity 


reception will be the next step in advanced Amateur 
receiving techniques. I hope this article helps to start 
Amateurs experimenting with diversity reception and 
encourages manufacturers to supply equipment for 
this purpose. 

references 

1. C. W. Rice, "Short-Wave Radio Transmission and its Practical Use," 
part 2, QST, August, 1927, Vol. XI, No. 8, pages 36-42. See pages 38-39. 

2. H. H. Beverage and H. 0. Peterson, "Diversity Receiving System of RCA 
Communications, Inc., For Radio-Telegraphy," Proceedings of the IRE, 
April, 1931, Vol. 19, No. 4, pages 531-561. Also see "Diversity Telephone 
Receiving Systems of RCA Communications, Inc." op cit, pages 562-584. 

3 G. L. Grisdale, et a!., "Fading of Long-Distance Radio Signals and a 
Comparison of Space- and Polarization-Diversity Reception in the 6-18 
MC/S Range," Journal IEE, January, 1957, pages 39-51. Paper number 
2239R. 

4. James L. Lamb, "Heterotone CW Telegraph Reception," QST, 
November, 1936, Vol. XX, No. 11, pages 16-18 (cont.). 

5. Carl Roland, "Diversity Reception for Amateurs," Radio, March, 1936, 
No. 207, page68 (cont.). 

6. J. L. A. McLaughlin and J. L. Lamb, "Dual Diversity Phone Reception 
With Single Control Tuning," QST, May, 1936, Vol. XX, No. 5, pages 39- 
43. 

7. J. L. A. McLaughlin and Karl W. Miles, "An Improved Dual-Diversity 
Receiver for High-Quality 'Phone Reception," QST, December, 1937, Vol. 
XXI, No. 12, pages 17-21 (cont.). 

8. S. Gordon Taylor, "Diversity With What You Have," QST, September, 
1939, Vol. XXIII, No. 9, pages 56-57. 

9. Forrest A. Bartlett, "A Dual Diversity Preselector," QST, April, 1941, 
Vol. XXV, No. 4, pages37-39 (cont.). 

10. Leonard R. Kahn, "Ratio Squarer," Proceedings of the IRE, November, 
1954, Vol. 42, No. 11 (correspondence), page 1704. 

ham radio 


november 1979 Qj 55 
















measuring 

receiver dynamic range 


How to determine 
receiver performance 
using simple test equipment 
and procedures 

Receivers with limited dynamic range really have 
a tough time surviving in my neighborhood, where 
signals of 100 mW at the antenna are common. 
When the time came to shop for new equipment, my 
primary objective was to find a rig with good immu¬ 
nity to some of the problems that might affect its 
front-end stages. Of primary importance is informa¬ 
tion on the dynamic range 1 - 2 and blocking specifica¬ 
tions for the rig in question. This information isn't 
usually supplied by manufacturers, so the scheme 
was to build some simple test equipment to measure 
this data and make some comparisons between dif¬ 
ferent rigs available on the new and used equipment 
markets. An added bonus is that once the test equip¬ 
ment is available it may be used for other tests. 

test setup 

Two crystal oscillators were constructed, one for 
operation at 14.02 MHz and the other at 14.04 MHz. 


Other frequencies could have been used 3 although, 
in general, it's convenient to retain the 20-kHz spac¬ 
ing. The crystals used are ICM* units designed for 
OX-series oscillators. That oscillator wasn't suited to 
this application, so I designed a circuit that has a 
known power output and minimum second-harmonic 
content, g. 1. I ruilt identical circuits on opposite 
sides of a piece of double-clad PC board and placed 
them in a tight-fitting aluminum box. I brought sepa¬ 
rate power leads through feedthrough capacitors so 
that the oscillators could be operated independently. 

About 60 dB of isolation between the two circuits 
was achieved, which is adequate for the task. When 
two-tone signals are needed, a hybrid combiner 2 
couples the oscillator outputs together with mini¬ 
mum interaction; a step attenuator adjusts the ampli¬ 
tude of the tones simultaneously (fig. 2). This equip¬ 
ment plus a 9-volt battery and a few short pieces of 
coax and connector adaptors is all that's needed to 
perform the tests. Everything fits nicely into a small 
box, which may be easily carried to any location 
where tests are to be run. 

Because the signal sources are high level (0 dBm), 
shielding of test oscillators, coax cables, and attenu¬ 
ators is inadequate to allow testing the sensitivity or 
noise floor of the receiver. Fortunately this informa¬ 
tion, although needed to calculate dynamic range, is 
not absolutely essential in this situation, as the input 
power that causes an undesired response may be 

By Sidney Kaiser, WB6CTW, 4640 Clarendon 
Drive, San Jose, California 95129 
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CRT Schottky diode, HP 5082 2810 or equivalent 
LI 11.5 turns 24 AWG (0.5 mm) on 3/8-inch (9.5 mm) OD Q1 
ferrite core 

L2 1 turn no. 24 AWG (0.5 mm) on 3/8-inch (9.5 mm) OD Q1 
ferrite core 

Q1 2N5245 or equivalent, G FS - 4 millimhos at 400 MHz; 

Iq 33 ~ 5-15 mA, C[gg - 4.5 pF, Cpgj ~ 1 pF 
02 2N2369 or equivalent, f T = 500 MHz; iS - 40-120 at 10 mA; 
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m rh 

# TUNE FOR MAXIMUM 
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* fig. 1. Test oscillator schematic. The crystal is an ICM (International Crystal Manufacturing Co.) with a capacitance of 100 pF. 
Output is zero dBm at 14 MHz. Two oscillators are required for receiver tests: one at 14.02 and one at 14.04 MHz. The oscillators 
were built on opposite sides of a double-clad PC board, which was placed in an aluminum box. 


compared directly. This assumes that each receiver 
has sufficient sensitivity to perform its task, which is 
normally not a problem on the high-frequency bands; 
on the contrary, it's common for excessive sensitivity 
to contribute to reduced strong-signal-handling 
capabilities. 

procedure 

Each receiver is evaluated with the age on, normal 
SSB filter selected, rf gain at maximum, preselector 
peaked at 14.04 MHz, noise blanker and rf attenua¬ 
tion off, and audio set for a comfortable level. Turn 
on both tones, set the attenuator at zero, and tune 
the receiver to the third-order intermodulation-distor- 
tion product at 14.06 MHz. 

No calibrated audio voltmeter was available, so my 
"calibrated ear" was used to determine when the 
undesired signal could just be heard in the receiver 
noise output. I've achieved good consistency with 
this method, although it results in a more conserva¬ 
tive number than that obtained by using a voltmeter 
for measuring a 3-dB change in the audio output. 
However, all results obtained by this technique may 
be compared with the others obtained in the same 
manner by the same person. 

Reduce the amplitude of the two tones with the 
attenuator until the third-order intermod at 14.06 
MHz is just detectable. One convenient way to do 
this is to leave the 14.02-MHz oscillator running and 
slowly key the 14.04-MHz oscillator on and off with 
its battery lead while adjusting the attenuator for this 
just-discernible signal. Subtract the losses of the 
hybrid combiner and attenuator from the 0-dBm out¬ 
put of the test oscillators to find the input power to 
the receiver. This number is listed in table 1 as the 

•International Crystal Manufacturing Co., Inc., P.O. Box 32497, Oklahoma 
City, Oklahoma 73132. 


two-tone input power and is the receiver input 
power that causes a just-detectable third-order inter¬ 
modulation product. 

gain compression test 

A second test may be performed to find the input 
power that causes gain compression (blocking) in the 
receiver. This test is usually run with one weak signal 
and one strong signal, but it's possible to gather 
some useful data by using the receiver's own internal 
noise as the weak signal. 

An interesting thing can happen when running this 
test. If gain compression occurs with a strong out-of- 
passband signal, the noise level heard in the output 
will decrease. This noise originates in the first stage 
of the rig. Gain compression of this stage or a suc¬ 
ceeding stage will cause a drop in the noise level. 
However, many times the noise output will increase 
when the strong out-of-band signal is present. This 
action is caused by reciprocal mixing with noise side¬ 
bands in the receiver local oscillators (commonly 
heard as a keyed hiss with a strong local CW station 
on a nearby frequency). A mixer really doesn't care 
whether it sees a strong LO and weak rf signal or a 
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fig. 2. Test setup for making the tests described. 
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table 1. Test results from many popular receivers using the equipment and procedures described. 



two- 

tone 

input 

gain 

compression 

input 

bandwidth (kHz) 
at a rejection of 


S-meter 
(S9 nV. 


receiver 

(dBm) 

(dBm) 

60 dB 

70 dB 80 dB 

90 dB 

linearity) 

comments 

Drake TR7/DR7 

-41 

-32 

3.8 

5.6 6.3 

6.6 

20 fair 

good filters, 
AGC pumps 

Collins 75S3B 

-44 

-20 

4.5 

5.1 5.8 

6.3 

250 good 

good filters 

ICOM IC701 

-46 

-26 

5.2 

9.4 15.0 

— 

20 poor 

HAS-65 dB hump 
± 10 kHz out 


Ten Tec Omni D 

-48 

-20 

4.4 

Ten Tec Triton IV/544 

-48 

-30 

6.0 

Atlas 350XL 

-51 

-28 


Astro 200 

-52 

-35 


Yaesu FT901DM 

-56 

-29 

3.6 

Ten Tec Argonaut 

-58 

-35 

4.0 

Kenwood TS820S 

-60 

-34 


Yaesu FT301S 

-64 

-36 


Heathkit SB303 

-64 

-41 

4.4 

Collins KWM2 

-65 

-26 

4.5 

Yaesu FT101E 

-65 

-36 


Yaesu FT301D 

-68 

-32 


Kenwood TS520 

-72 

-36 

4.0 


strong rf and a weak LO signal (noise sidebands); it 
will generate an output in either case. 

Tune the receiver to 14.04 MHz and slowly key the 
14.02-MHz oscillator on and off (leave the 14.04-MHz 
tone off), while decreasing the step attenuator until 
the noise output has a just-perceptible change. An 
increase in noise level is an indication of reciprocal 
mixing with the LO noise sidebands, provided that 
the test oscillator output is clean. If the noise 
decreases, gain compression is indicated. Note the 
input power to the receiver; this power is listed in 
table 1 as the gain compression input. 

Some receivers will exhibit reciprocal mixing up to 
10-20 kHz from the strong signal. Then a gradual 
change to gain compression with a higher power 
input signal will occur further away from this input. 
In either case, the ultimate performance of the 
receiver will be limited if either of these phenomena 
occurs at too low a level. Only one strong input sig¬ 
nal is required to cause these problems, so an input 
20 dB higher than the two-tone input is probably a 
reasonable minimum number. 

selectivity test 

Another test may be run to check receiver selectiv¬ 
ity by using one test signal and tuning the receiver to 
measure bandwidth. This test explores the ability of 
the complete receiver to reject unwanted signals, 
which is normally not as good as that of the filter 
itself because of signal leakage around the filter. 3 

Tune the receiver to 14.02 MHz and adjust the 


6.3 

10.0 

— 

36 good 

20 poor 


4.0 


7.0 

150 poor 

good fillers 

7.6 

17.0 

_ 

8 poor 


6.0 

14.0 

18.0 

10 poor 

110 good 

30 poor 

modified 
KVG filter 

6.0 

9.0 

10.0 

70 good 

modified 

mixers 

5.1 

6.0 

6.3 

60 good 

10 good 

65 poor 

70 fair 

good filters, 
AGC pumps 


attenuator for a convenient, low S-meter reading, 
such as S2. About90dB of attenuation will be needed. 
Note the attenuator reading, then increase the signal 
by 60 dB. Tune away from the signal until it's no 
longer heard and the S-meter reads zero. Then tune 
back toward 14.02 MHz until the S-meter again reads 
S2 and note the receiver frequency. Now tune to the 
opposite side of the signal and repeat the slow 
approach to the signal for an S2 reading. Note this 
second frequency. 

The bandwidth at -60 dB is the difference 
between the first and second frequency readings. 
The procedure can be repeated for readings of - 70 
dB, -80 dB, or until the receiver runs out of signal 
rejection or the test oscillator runs out of power. The 
latter isn't a problem unless the receiver has more 
than 90 dB rejection. 

One characteristic to watch for is a rig that may be 
80 dB down ± 5 kHz away from the signal but deteri¬ 
orates to perhaps 65 dB down at 10-15 kHz away and 
may never recover to the - 80 dB level further out. It 
seems clear that present-day specifications of only 
-6 dB and - 60 dB are not adequate to determine 
whether a receiver has a good filter and minimizes 
signal leakage around it. 

checking the S-meter 

The next item to check is the S-meter. For exam¬ 
ple, a reading of S9 with an input of - 70 dBm (71 
across 50 ohms) would be reasonable in view of the 
traditional value of 50-100 /iV for S9. Linearity can be 
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checked by increasing the input signal to 10, 20, and 
30 dB over S9 and observing meter readings. Below 
S9, increments of 5-6 dB per S-unit may be verified. 

Results to date have been dismal. Various S 
meters not only read between 8 and 250 /iV for S9, 
but the linearity was so poor that using the meter for 
evaluating a) gain differences between two transmit 
ting antennas, or b) front-to-back ratios of receiving 
antennas is strictly a guessing game — unless the 
meter response has been verified. Manufacturers 
could do much better in this area with little additional 
expense and make the S meter a useful adjunct to 
operating convenience. 

conclusions 

The various rigs tested are listed in table 1 in order 
of decreasing third-order intermodulation perform¬ 
ance. By making a few comparisons of the data, at 
least three conclusions may be reached: 

1. Modern solid-state equipment has finally caught 
up with the best of 15-year-old vacuum-tube tech¬ 
nology. 

2. Manufacturers are gradually improving their prod¬ 
ucts, as evidenced by newer models generally testing 
better than older ones. 

3. Some of the newer equipment using double bal 
anced mixers doesn't seem to extract the maximum 
benefits that such devices can deliver. 

Other conclusions could also be reached but the 
point is that, without this information, only part of 
the material needed to evaluate the performance of 
any given radio is available. As this article has indi¬ 
cated, it's not necessary to own a completely equipped 
lab to gather useful information. All you need is the 
simple test setup described in this article. 

Manufacturers should provide this data. Indeed, 
American manufacturers' data sheets are getting 
better (Atlas, Drake). Japanese data sheets either 
make no mention of the subject or else have enough 
slack built into their specifications to make meaning 
ful comparisons impossible. So, until considerable 
improvement occurs in the data provided, you may 
want to build a couple of test oscillators before you 
visit your local radio store. 
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The Larsen KQlrod* Antenna 



They say “beauty is as beauty does”. And the 
streamlined, low silhouette Larsen Kulrod Antenna 
performs as beautifully as it looks! 

You get real performance, thanks to solid 
contacts with no power wasted in inefficient 
base or phasing coils. And there's no power loss 
through inefficient high loss whips when you use 
a Larsen Kulrod Antenna. 


These antennas were engineered to serve the 
tough, highly competitive two-way communications 
field. They are in demand and sold throughout the 
United States and around the world — though 
often priced a bit above other antennas. The 
reason? Top performance and looks. 

Larsen Kulrod Antennas are available at leading 
Amateur stores. Choose from a variety of easy-to- 
install permanent and temporary mounts and in 
the 50,144,220 and 440 MHz amateur frequencies. 

Write for a free catalog and name of the nearest 
Larsen dealer. And before long you'll be getting 
“fine signal” reports on your new Larsen Kulrod. 


Larsen Antennas 


You can HEAR the difference ’ 


In U S A., write to: 

P.O. Bo* 1686 
Vancouver, WA 98663 
Phone (206) 573-2722 


In Canada, write to: 

Unit 101 

283 E. 111h Avenue 
Vancouver, B C. V5T 2C4 
Phone (604)872-8517 


* Koirod is a Registered Trademark of Larsen Electronics. Inc. 


More Details? CHECK — OFF Page 118 
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...for the discerning Amateur 
who demands quality. 



The TS-1B0S with DFC (Digital Frequency Control) is Kenwood's top-of-the-line all solid-state HF SSB/CW/FSK transceiver 
covering 160 through 10 meters, with outstanding performance and many advanced functions, including four tunable 
memories to provide more operating flexibility than any other rig! 


TS-180S FEATURES: 

• Digital Frequency Control (DFC), including tour memories and 
digital up/down paddle-switch tuning Memories are usable in 
transceiver or split modes, and can be tuned in 20-Hz steps up or 
down, slow or last, with recall ol the original stored frequency 
(Also available without DFC) 

• All solid-state; 200 W PEP/160 W DC input on 160-15 meters, and 
160 W PEP/140 W DC on 10 meters 

• Improved dynamic range, with improved circuit design and RF 
AGC ("RGC"). which activates as an automatic RF attenuator to 
prevent receiver overload 

• Adaptable to three new bands, and VFO covers more than 50 kHz 
and DFC 100 kHz above and below each band 

• Built-in microprocessor-controlled digital display Shows actual 
frequency and switches to show the difference between the VFO 
and *MT memory frequencies Blinking decimal points indicate 
"out of band." (An analog monoscale dial is also included) 

• IF shift (passband dialing to eliminate QRM) 

• Dual SSB filter system (second filter is optional) to provide very 
sharp receiver selectivity, Improved S/N. and 30 dB compression 
with RF speech processor on transmit 


• Tunable noise blanker, to eliminate cross modulation from stiong 
signals when noise blanket Is on 

• Selectable wide and narrow CW bandwidth on receive (500-Hz 
CW filter is optional). 

• SSB normal/reverse switch (proper sideband is automatically 
selected with band switch) 

• Dual RIT (VFO and memory/fix) 

• Available without DFC. Otgital frequency display still included, 
with differential function showing difference between VFO and 
"digital hold" frequencies. 

OPTIONAL ACCESSORIES: 

• 0F-180 digital frequency control (for TS-180S without DFC) 

• YK-88CW 500-Hz CW filter 

• YK-88SSB second filter for dual-filter system 
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I ... fmmrttrr in amatrur nut it t 


...for the discerning Amateur 
who demands quality. 


TS-520SE 


SP-520 TS-520SE W/DG-5 

TS-520SE FEATURES: 

• Covers 180-10 meters and receives WWV on 15 MHz. 

• 200 W PEP input on SSB and 160 W DC on CW 

• CW WIDE/NARROW bandwidth switch, for use with the optional 
CW-520 500-Hz CW filter 

• Digital display with optional 06-5, showing actual frequency 

• Speech processor, effective in DX plleups 

• VOX and semi-break-in CW with sidetone 

• Built-in 25-kHz calibrator 

The TS-520S is still available, with DC (mobile) operating 
capability (with the optional DS-1A DC-DC converter) and 
transverter terminals, which were eliminated from the 
TS-520SE. 


TS-120S 


TRIO KENWOOD COMMUNICATIONS INC 

11ll WEST WALNUT COMPTON CA 90220 


Truly a "big little rig," the TS-120S has created a new excite¬ 
ment in HF communications for highly versatile Amateur oper¬ 
ation. The compact, all solid-state 80-10 meter transceiver, 
with up to 200 watts PEP input, requires no tuning and includes 
a large digital readout, making it ideal for mobile operation. IF 
shift and other important features make it a high-quality rig for 
the ham shack as well. 


TS-120S FEATURES: 


• All solid-slate with wideband amplifier stages No final dipping or 
loading, no transmit dnve peaking, and no receive preselector 
tuning 

• Transceives on 80 through all of 10 meters, and receives WWV on 
15 MHz. 

• 200 W PEP/160 W DC input on 160-15 meters, and 160 W PEP/140 
W DC on 10 meters LSB, USB, and CW. 

• Digital frequency display (standard) shows actual frequency. 
Backup analog subdial also included 

• IF shift (passband tuning) to eliminate ORM 

• Advanced PLL circuit, with improved stability and spurious 
characteristics on transmit and receive 

• Effective noise blanker 

• Built-in cooling fan, which activates automatically when final 
amplifier heatsink temperature rises to 90° C. 

• Protection circuit for final transistors 

• VOX 


OPTIONAL ACCESSORIES: 


• YK-80CW 500-Hz filter. 

• MB-100 mobile mount 


AT-120 


AT-120 antenna tuner with mobile mounting bracket included. 
Features SWR meter and matches 50-ohm input to 20-300 
ohms unbalanced output. Handles 150 watts (120 watts 
on 80 meters). 


... parrutlrr in amatrur radio 


PS-30 SP-120 


T8-120S VF0-120 


MC-50 


OPTIONAL ACCESSORIES: 

• CW-520 500-Hz CW filter 

• AT-200 antenna tuner 


VFO-520S 


The TS-520SE is an economical version of 
the TS-520S...the world's most popular 
160-10 meter Amateur transceiver. Now, any 
Amateur can afford a high-quality HF trans¬ 
ceiver for his ham shack. 


























simple, low cost 

440-MHz bandpass filter 


Straightforward design 
and construction 
of a half-wavelength 
stripline resonator 


Bandpass filters which use half-wavelength trans- 
mission-line resonators are attractive in many appli¬ 
cations because of their simple construction and 
ease of adjustment. Such filters have been described 
previously in the Amateur literature. 1 Generalized 
design information, however, was not provided for 
frequencies other than those discussed in reference 
1. Also, the construction techniques and materials 
are somewhat cumbersome. In this article I will pre¬ 
sent some simple equations which can be used to 
design a quarter- or half-wavelength resonator at any 
frequency. A simplified construction technique using 
copper-clad printed-circuit material is also discussed; 
this technique can result in considerably smaller fil¬ 
ters. The design example is a tunable bandpass filter 
for receiver and low-powered transmitter applica¬ 
tions in the 250 to 500 MHz range. 

half-wave resonators 

A section of transmission line one-half wavelength 
long and shorted at both ends will behave as a reso¬ 
nator because it supports the formation of a standing 
wave at its resonant frequency. This is illustrated in 
fig. 1. If means are provided for coupling rf energy 
into and out of the line section, the half-wave resona¬ 
tor can serve as a bandpass filter with a fairly high Q 
and low insertion loss. The Q of the resonator is 
primarily a function of the dielectric loss in the trans¬ 
mission line; for this reason air dielectric lines are nor¬ 
mally used as resonators — microstripline on fiber¬ 


glass epoxy substrates should be avoided. To make 
the resonator tunable the line length is reduced to 
somewhat less than one-half wavelength, and capa¬ 
citive loading is applied at the center as shown in fig. 
2A. Although a quarter-wavelength line can also be 
used as a resonator, the half-wavelength version is 
preferred because it provides better isolation 
between the input and output ports. 

To analyze such a line, it is convenient to visualize 
it as two loaded quarter-wavelength lines connected 
in parallel as shown in fig. 2B. A transmission line 
less than one-quarter wavelength long and shorted at 
one end will present an inductive reactance at the 
open end given by 

Xl ~ Z-o tan </> ( 1 ) 

where Z Q is the characteristic impedance of the trans¬ 
mission line and 0 is its electrical length in degrees.2 
A capacitive reactance equal in magnitude to X L , 
which is placed across the open end of the transmis¬ 
sion line will tune the line to resonance (similar to a 
capacitor in a parallel-resonant L-C tank circuit). The 
required capacitance is given by 


C = 


10 6 

ZirfMHz Xl 


pF 


( 2 ) 


where f MHz is the frequency in megahertz and X L is 
the inductive reactance in ohms. In the case of the 
loaded half-wavelength line, the total capacitance 
required is twice that of the loaded quarter-wave 
case, because the half-wave line consists of two par¬ 
allel quarter-wavelength lines (see fig. 2). 


examples 

Let's design a bandpass filter centered at 440 MHz. 
Assume that the filter is to resonate with a center 
loading capacitance of 4 pF, and calculate the reso¬ 
nator length required to meet this condition. For the 

By J. L. Blanton, WA8YBT, 10495 Deerfield 
Road, Cincinnati, Ohio 45242. 
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moment the characteristic line impedance can be 
chosen arbitrarily; I'll use 180 ohms in this example 
since that is the approximate impedance used later in 
the construction example (line impedance will be dis- 



fig. 1. Voltage and current distribution along a half-wave¬ 
length section of transmission line with both ends shorted. 


cussed in greater detail later). Since the entire line 
requires 4 pF of center loading at resonance, each 
half of the line should resonate with 2 pF loading 
capacitance. Rewriting eq. 2, the required inductive 
reactance X L of the quarter-wavelength line is given 
by 


assuming an air-dielectric line, provides the final ex¬ 
pression for the length of the quarter-wave reso¬ 
nator. 

„ 300 f arctan (X^/ZJ 1 ._. 

For an X L = 180.93 ohms, a line impedance (Z 0 ) of 
180 ohms, and a frequency of 440 MHz, the length of 
the air-dielectric quarter-wavelength line which will 
resonate with a 2.0 pF capacitor is 0.0855 meters or 
8.55 cm (3.37 inches) long. A half-wavelength reso¬ 
nator will be twice this length (17.10 cm or 6.731 
inches) and will require twice as much loading capac¬ 
itance (4 pF) to tune it to resonance. 

The above example assumes that the required 
capacitance has been chosen, then proceeds to 
determine the length of the resonator. Suppose, 
however, that the resonator length is specified and 
you wish to determine the capacitance required to 
tune it to a given frequency. Using approximately the 
same numbers as in the previous example, the reso¬ 
nator length will be 17 cm (6.7 inches); the required 
tuning capacitance at 440 MHz is to be calculated. 
This is equivalent to finding twice the capacitance 
required to tune a quarter-wavelength (8.5 cm or 3.4 
inch) resonator to 440 MHz. Using eqs. 6 and 4, the 
electrical length of the shorted 8.5 cm (3.4 inch) air- 
dielectric line is 44.88 degrees. Therefore, if the line's 




<A = —'( 90 °) (4) 

where i is the physical length and X is the 
wavelength in the line. Substituting the 0 from eq. 4 
into eq. 1 and solving for l provides an expression 
for the line length in terms of wavelengths in the line. 

o _ X arctan (X L /Z 0 ) (c4 

* " 4 90 ° 

The wavelength in the line is 

X = — . — — meters (6) 

J MHz \E r 

where E r is the dielectric constant of the line; if the 
dielectric is air, E r = 1 (if the dielectric is air, the 
wavelength in the line will be the same as that in free 
space). Substituting this expression for X, and 


fig. 2. Capacitively loaded half-wavelength stripline resona¬ 
tor (A), and equivalent circuit using two quarter-wavelength 
lines (B). A groundplane is assumed to be present in both 
cases. 

characteristic impedance Z D is 180 ohms, eq. 1 gives 
the inductive reactance of the line as 177.4 ohms. 
Eq. 2 provides the value of a capacitor with this reac¬ 
tance, 2.04 pF. Doubling this value, the capacitance 
required to tune the 17 cm (6.7 inch) half-wavelength 
resonator to 440 MHz is 4.08 pF. 

You may wonder why the inductive reactance in 
both these examples is nearly equal to the line's char¬ 
acteristic impedance; it's purely coincidental. This 
condition occurs when the physical length of the line 
is close to one-eighth wavelength. The length of a 
so-called “quarter-wave" resonator can theoretically 
be anything between zero and \/4 if the proper load¬ 
ing capacitance is used. 
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impedance calculations 

One significant problem encountered in the above 
calculations is determining the characteristic impe¬ 
dance of a practical air-dielectric stripline. Normally, 
the stripline resonator used in a filter will be enclosed 
in a metal box for shielding purposes. However, 
enclosing the stripline in a box introduces errors into 
the formulas which are used to calculate line impe¬ 
dance because of the electric field distortion as 
shown in fig. 3. Calculating the impedance of the 
enclosed stripline in fig. 3C is rather difficult but you 
can get a rough idea of its magnitude by examining 
figs. 3A and 3B. It will be assumed that the width of 
the'line and the spacing between the line and the 
ground plane is the same in all three cases. 

The approximate characteristic impedance of a 
microstripline, neglecting fringing effects and leak¬ 
age flux, is given by 


Z 0 ~377 



( 8 ) 


_ \um i. 

// I I I »\ > ' ! j I' nj„i 

Q UICROSTRIP Q STRIPLINE 



fig. 3. Electric field lines in microstrip (A), true stripiine (B), 
and enclosed stripline (C). Enclosed stripline is used in the 
bandpass filter described in this article. 


where w is the line width and h is its height above the 
ground plane. 3 Since an air-dielectric line is used, E T 
can be replaced by 1. The impedance of the true 
stripline in fig. 3B is not as easily calculated, but is 
available in graphical form, 3 4 and is considerably 
lower than that of the microstripline with similar 
dimensions in fig. 3A. It can generally be assumed 
that the characteristic impedance of the enclosed 
stripline (fig. 30 will be between that of the micro¬ 
stripline (fig. 3A) and the true stripline (fig. 3B). 

construction techniques 

A filter similar to the preceding design example 
was built using pieces of single-clad printed-circuit 
material. Even though this is a uhf application, virtu¬ 
ally any type of PC material may be used because in 
this case the dielectric properties of the material have 
no effect on circuit performance. The use of copper- 
clad material allows greater flexibility in the design 
and construction of bandpass filters than do the con- 


SOLDER 



fig. 4. Construction of a half-wavelength resonator using 
four pieces of single-clad PC material. Dielectric of the cir¬ 
cuit board is not important in this application. 


struction techniques described in reference 1. Fewer 
tools are needed, and the filters can easily be built by 
apartment dwellers (such as myself) without access 
to a machine shop. 

As shown in fig. 4, four pieces of PC material are 
used — the stripline itself, the ground plane, and two 
end pieces to support the stripline. These can be cut 
out using a small pruning saw or sheet-metal shears. 
All pieces are soldered together at their edges. The 
stripline should be installed last, is nominally 18.0 cm 
long (7 inches) and 1.0 cm (3/8 inch) wide, and is 
mounted with the copper-clad side up for ease of 
attaching the center loading capacitor. Spacing 
between the stripline's upper surface and the ground 
plane is about 8 mm (5/16 inch). The line.impedance 
was estimated a posteriori to be approximately 
180 ohms. 

The tuning capacitor was originally a 3-30 pF vari¬ 
able (Calectro A1-225), but half of its rotor and stator 
plates were carefully removed to bring its capaci¬ 
tance down to approximately 2 to 15 pF, The tuning 
capacitor is connected to the exact center of the 
stripline with a single very short wire. 

Input and output coupling is accomplished by 
means of inductive coupling lines which run between 



fig. 5. Rear view of the ha If-wavelength filter, showing the 
loading capacitor connections and the input/output coup¬ 
ling inductances. 
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the stripline and the ground plane in the region of the 
highest field intensity. As originally designed, each 
coupling wire starts at a BNC connector, runs under 
the stripline for about 3.5 cm (1 3/8 inch) and termi¬ 
nates in a soldered connection to the end support; 
this is illustrated in fig. 5. The entire filter assembly 
was mounted in a 25 x 5 x 4 cm (10 x 2 x 1 9/16 inch) 
Minibox for shielding purposes, with the BNC con¬ 
nectors and the capacitor mounting screws providing 
the mechanical connections between the ground 
plane PC board and the enclosure. 

performance 

- The tuning range cannot be found analytically, 
since both the line's electrical length and the required 
tuning capacitance are functions of frequency. Using 
an iterative method, however, it is possible to deter¬ 
mine the approximate tuning range. A frequency is 
arbitrarily picked (let's say 350 MHz). Eqs. 6, 4, 1, 
and 2 are then solved in succession, keeping in mind 
that & is one-half the length of the half-wavelength 
line. The resulting capacitance, 3.26 pF, is then 
doubled and this value, 6.52 pF, is observed to lie 
within the tuning capacitor's range, of 2 to 15 pF. By 
trying various frequencies, the approximate limits of 
the tuning range can be found. For this specific filter, 
the required tuning capacitance vs frequency is listed 
in table 1. Since individual construction techniques, 
and hence, characteristic line impedance, may vary, 

table 1. Center loading capacitance required to tune an 18- 
cm (7.1-inch) long, 180-ohm air-dielectric half-wavelength 
resonator to various frequencies. 

frequency tuning 

(MHz) capacitance (pF) 

200 22.3 

225 17.4 

250 13.9 

300 9.3 

350 6.5 

400 4.7 

450 3.5 

500 2.6 

550 1.9 

the tabular values should be considered only as 
nominal. 

The filter described here had a measured insertion 
loss of about 1 dB and a VSWR of approximately 
1.6:1 at 440 MHz. By observing the extent of mesh of 
the tuning capacitor plates, the capacitance required 
for resonance at this frequency was about 4 pF, 
which is in agreement with the value obtained analyt¬ 
ically. 

The VSWR was attributed mainly to mismatch at 
the BNC connectors between the coupling lines and 


the external transmission lines. The characteristic im¬ 
pedance of the coupling lines was estimated to be 
around 115 ohms, by modeling them as circular con¬ 
ductors between two ground planes. 3 Their electrical 
length of 18.5 degrees at 440 MHz gives them a reac¬ 
tive component of + j38.5 ohms. To cancel this reac¬ 
tance a 10-pF silver-mica capacitor was placed in 
series with each input/output coupling line at the 
BNC socket. A schematic of the modified filter is 
shown in fig. 6. 



fig. 6. Schematic of the modified 440-MHz bandpass filter 
with improved input/output matching (see text). 


Measurements on the improved filter indicated the 
VSWR was reduced to approximately 1.2:1 at 440 
MHz, while the overall insertion loss remains around 
1 dB. Unfortunately, it wasn't possible to measure 
the VSWR at any other frequencies, so it isn't known 
whether the 10-pF capacitors improve or degrade 
performance at frequencies far removed from 440 
MHz. However, there should be very little variation 
over the 420 to 450 MHz range. 

This filter was designed for use ahead of a wide¬ 
band (10 MHz bandwidth) receiver operating near 
440 MHz to attenuate local fm signals in the 450-470 
MHz range. It should also provide significant attenu¬ 
ation of television signals over most of the 470-806 
MHz broadcast band. Although bandwidth measure¬ 
ments were not performed, operating experience in¬ 
dicates the 3-dB bandwidth is roughly 3 or 4 MHz, or 
slightly less than one per cent. This bandwidth 
should find application among users of wideband 
modes, such as A TV and packet radio, who want to 
reduce desensitization caused by out-of-band inter¬ 
ference. The filter should also be effective in sup¬ 
pressing unwanted multiplier products in low power 
(1-watt class) exciters. 
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20% Giving Ham Radio 

is both fun and thoughtful. 


ham 

radio 

magazine 

Greenville, NH 03048 
Prices U.S. only 



And at the receiving end of a Ham Radio gift sub¬ 
scription it's remembered all year long as a token ot 
your friendship. We have a super busy year planned 
for 1980 Just take a look at a sampling of what your 
special amateur friend(s) will see in their 12 big gift 
issues next year 

• W2PV's series on Vagi Antennas 

• Wire Beams for 75 meters 

• Touch Tone Decoder 

• Solid State VHF Linear Amplifier 

• Plus HR's giant annual Antenna & Receiver 
issues 

• Much Much More! 

There's never been a better time to give a gift of 
Ham Radio than now. Gift now and SAVE! 
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RELIABILITY 
AND ACCURACY 

COUNT 

INTERNATIONAL CRYSTALS 70 KHz to 160 MHz 


CRYSTAL TYPES 

(GP) for "General Purpose” applications 
(CS) for "Commercial" equipment 
(HA) for "High Accuracy" close temperature 
tolerance requirements 
International Crystals are available from 70 
KHz to 160 MHz in a wide variety of holders. 

WRITE FOR INFORMATION 


International 

Crystal Manufacturing Co., Inc. 
guarantees 

every crystal against defective 
materials and workmanship for 
an unlimited time, when used in 
equipment for which they were 
specifically made. 
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what is your real 

standing wave ratio? 


Some quantitative answers 

to a question 
as old as ham radio 

A number of magazine articles have appeared 
over the years discussing the relative merits of having 
a low standing wave ratio (SWR). Although it's been 
demonstrated that excellent results can be obtained 
with an unmatched transmission system, it's a gener¬ 
ally accepted fact that the most straightforward 
method of guaranteeing acceptable performance 
under all conditions is by adjusting the various mat¬ 
ching devices for minimum SWR. This is particu¬ 
larly true for those not completely familiar with the 
subtleties of transmission-line theory, as many com¬ 
plex effects occur in unmatched, or tuned, transmis¬ 
sion line systems. Regardless of the reasons, most 
Radio Amateurs are concerned, to some degree, 
about their voltage standing wave ratio VSWR, or 
just plain SWR. 


One of the reasons for the popularity of SWR as a 
measure of transmission-system performance is the 
relative ease with which it can be measured. An SWR 
bridge can be purchased at the nearest discount 
store. Even some supermarkets carry SWR bridges. 
Sealed in plastic packages, and intended primarily for 
our 11-meter friends, these inexpensive instruments 
provide an excellent method for an Amateur Radio 
operator to evaluate the degree of "match" of his 
antenna system and transmission line. A typical set¬ 
up for measuring SWR is shown in fig. 1. 

As shown in the figure, the normal arrangement 
for measuring SWR in an Amateur station consists of 
connecting an SWR bridge in series with the trans¬ 
mission line as it leaves the transmitter or transceiver. 
The bridge is then used to measure the standing 
wave ratio at the input to the transmission line. If the 
transmission line were perfectly efficient, i.e ., if it 
had no loss, then the SWR measured at this point 
would equal exactly the SWR at the antenna. Unfor¬ 
tunately, however, all real transmission lines have 
some loss. This transmission line loss not only pre¬ 
vents all the transmitter output power from reaching 
the antenna but also introduces a significant error in 
the SWR measurement. As we will see, the standing 

By John Battle, N40E, 2350 East Hill Way, 
Norcross, Georgia 30071 
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the incident voltage is only 0.707 at the terminal end, 
thus: 



fig. 1. Typical ham setupfor measuring SWR. An SWR bridge 
is connected in series with the transmission line as it leaves 
the transmitter or transceiver. 


wave ratio at the antenna (fig. 2) isn't necessarily 
equal to the standing wave ratio at the transmitter 
when a lossy transmission line is used. 

transmission-line losses 

Fig. 3 illustrates the effect of both a lossless trans¬ 
mission line and one with loss on dc pulses. Both 
lines are terminated in a matched load: 

Z; = Z 0 

Zi = load impedance 

Zo = line characteristic impedance 

Note that in both cases the incident pulse is com¬ 
pletely absorbed in the load, resulting in no reflected 
pulse. We may calculate the standing wave ratio at 
the transmitter in both cases as: 


SW7? 


Vi+ Vr 

Vi- V T 


( 1 ) 


where V, = incident pulse voltage 
V r = reflected pulse voltage 

Thus: 1 + 0 

SWR = yz^ 0 = 1 or 1:1 

For the lossless transmission line the situation is un¬ 
changed at the load end. For the lossy line, however, 


SWR 


0.707+ 0 
0.707-0 


( 2 ) 


In other words the standing wave ratio for a matched 
line is 1:1 regardless of where it's measured or how 
much toss it has. 


unmatched loads 

Now consider the case of an unmatched load. 
Referring to fig. 4, we see that the standing wave 
ratio measured at the load end for the lossless and 
lossy transmission lines is respectively given by: 


SWR = = 3:1 (lossless) (3) 


swr = ° Q l- o.Tf = 3:1 ( loss y) 



fig. 2. An SWR bridge connected at the antenna will show an 
entirely different set of conditions if a lossy transmission 
line is used. 


The SWR measured at the source (transmitter) end of 
the line, however, is quite another situation: 

S WR = = 3:3 ( 3oss3ess ) (4) 

5 WR - j ^ = 1-67:1 (lossy) 


Thus for the lossless line the SWR is the same no 
matter where it's measured. For the lossy line, how¬ 
ever, the SWR appears to be lower when measured 
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fig. 3. Effect of wave propagation on a matched transmis¬ 
sion line. A shows a "lossless" transmission line; B shows a 
lossy line. Note that in both cases the incident pulse is com¬ 
pletely absorbed in the load, resulting in no reflected volt¬ 
age. 


at the transmitter end. This effect is caused by the 
additional attenuation suffered by the reflected wave 
as it travels down the transmission line and back, 
whereas the incident wave is measured directly at the 
source. 

Fig. 5 is a plot of measured versus actual SWR for 
various amounts of transmission line loss. The error 
is quite significant. Fig. 6 is a plot of typical transmis¬ 
sion line losses versus frequency. Using these two 
graphs, we can estimate the actual SWR at the 
antenna for your installation, based on the measured 
SWR at the transmitter. 

example 

Consider a typical installation consisting of a beam 
antenna connected to a transmitter by 61 meters (200 
feet) of RG-8/U coaxial cable. Suppose the SWR is 
measured as 2.5 at 28 MHz. From fig. 6, the loss of 
RG-8/U, when matched, at this frequency is about 1 
dB per 30.5 meters (100 feet). Thus the cable loss in 
the example is 


L = (loss per 30.5 meters) 

(cable length/30.5) 

= (1) (61/30.3) 

= 2 dB 

In terms of English units: 

L = (1) (200/100) 

= 2 dB 

Referring to fig. 5, the actual antenna SWR is about 
5.5. 

consequences 

What are the consequences of the error of SWR 
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0.5 VOLTS 0.5 VOLTS 


I VOLT 


0.7 VOLTS 



fig, 4. Wave propagation on lines terminated in unmatched 
load; B shows the same conditions for a lossy transmission 
line. For the "lossless" line the SWR is the same no matter 
where it's measured; for the lossy line the SWR appears to 
be lower when measured at the generator (transmitter) end. 


fig. 5. Antenna standing wave ratio as a function of meas¬ 
ured standing wave ratio with transmission-line losses as a 
parameter. 


measurement? The first consequence that comes to 
mind is the effect on the power-handling capability of 
the transmission line (see fig. 7). In the previous ex¬ 
ample, for instance, the power rating of RG-8/U 
coaxial cable is about 1600 watts at 28 MHz when 
operated at unity SWR (fig. 7). Derating for the com¬ 
puted standing wave ratios, we find the maximum 
recommended power-handling capacity of the cable 
would be: 


1600 watts 
4.2 


= 381 watts 


( 6 ) 
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fig. 6. Transmission-line loss (matched) as a function of fre¬ 
quency for several types of coaxial cable. 


What if we'd calculated the maximum power based 
on the measured SWR? The maximum power capa¬ 
bility of the cable would have been: 

_ 1600 watts ... .... 

P m ax = - 2^5 - = 640 watts (7) 

As you can see, the coax power-handling capability 
would have been exceeded by about 60 per cent. 

testing 

Another problem arises in testing antennas. Many 
Amateurs test their antennas by measuring the SWR 
at the transmitter rather than at the antenna. The 



fig. 7. Power-handling capability of popular coaxial cables 
as a function of frequency. 


result is that the antenna appears to perform better 
than it really does. It would be much better either to 
measure the SWR at the antenna, or at least make an 
attempt to correct for the feedline loss. 

Feedline loss depends on standing wave ratio. 
Consider the case of a transmitter with tune and load 
controls adjusted for maximum voltage across the 
input to the transmission line (fig. 8). (This implies a 
transmitter output impedance equal to the complex 



fig. 8. Adjusting the transmitter for maximum output volt¬ 
age results in a conjugate match, or a condition in which the 
transmitter output impedance equals the complex conju¬ 
gate of the impedance seen at the input to the coaxial line. 
This condition is assumed in figures 9 through 12. 

conjugate of the effective transmission line input im¬ 
pedance — a condition referred to as conjugate 
match.) 



fig. 9. Effective line loss as a function of SWR measured at 
the load, with cable loss as a parameter. 


lossless lines 

For the case of the lossless line, the reflected wave 
is completely reflected at the source and ultimately 
arrives again at the antenna. Each time the wave 
arrives at the antenna part of it is absorbed, and part 
of it is reflected. The reflected portion is again 
reflected by the source, and so on until the entire 
wave is completely absorbed by the antenna. 

Since the line has no loss, and since we're assum- 
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fig. 10. Effective line loss as a function of SWR measured at 
the source, with cable loss as a parameter. 


ing complete lossless reflection at the source (trans¬ 
mitter), the energy is transferred to the antenna with 
100 per cent efficiency regardless of whether the 
antenna is matched to the transmission line. 



SWR MEASURED AT LOAD 


fig. 11. Power delivered to the antenna as a function of SWR 
measured at the load, with cable loss as a parameter. 


lossy lines 

Now consider the case of a lossy transmission line. 
For the matched load the resulting loss is simply the 
loss of the transmission line. The mismatched load, 



fig. 12. Power delivered to antenna as a function of SWR 
measured at the source, with cable loss as a parameter. 


however, results in quite a different situation. Each 
time the wave is reflected and travels down the trans¬ 
mission line, it becomes smaller in amplitude by an 
amount equal to the transmission-line loss. Thus, 
even if the transmitter is perfectly tuned for "conju¬ 
gate match," only part of the "re-reflected" energy 



fig. 13. Mismatch loss as a function of SWR. 

reaches the antenna, with the portion growing pro¬ 
gressively smaller each time around. In other words, 
in addition to the portion of energy lost in the trans¬ 
mission line the first time, an additional amount is 
lost due to reflections. 

Fig. 9 is a plot of effective feedline loss for various 
values of standing wave ratio as measured at the 
antenna. Fig. 10 is the same plot versus SWR at the 
source (transmitter). Figs. 11 and 12 are plots of 
power delivered to the antenna by a 2-kilowatt ampli¬ 
fier tuned for maximum voltage across the transmis¬ 
sion line at the source. Fig. 11 is plotted versus load 



fig. 14. Power delivered to antenna, including mismatch 
loss for a 2-kW broadband transmitter, as a function of SWR. 
Output impedance is equal to cable characteristic impe¬ 
dance. 

SWR for various line losses; fig. 12 is plotted versus 
source SWR. A line loss of 2 dB, for example, would 
result in only 450 watts being delivered to the load if 
an SWR of 3:1 is measured at the amplifier output. 
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mismatch loss 

One final comment on line loss. Many hams are 
now using solid state transmitters with broadband 
final amplifier stages. Since there are no adjustments 
on this type of transmitter, it's not possible, in gener¬ 
al, to achieve a conjugate match at the source, as 
discussed earlier. As a result, there is another loss to 
be considered when computing the power delivered 
to the antenna. Mismatch loss is simply the loss 
resulting from reflected power being absorbed by the 
source (transmitter) rather than re-reflected power, 
as discussed previously. Fig. 13 is a plot of the addi¬ 
tional mismatch loss versus source SWR. Fig. 14 is a 
plot of power delivered to the load, including mis¬ 
match loss for a 2-kilowatt broadband transmitter, 
with output impedance equal to the transmission line 
characteristic impedance. 



fig. 15. Measured SWR as a function of line attenuation for 
open or shorted lines. 


measuring feedline loss 

One final note. It's sometimes difficult, if not 
impossible, to actually measure feedline loss. An 
example is a repeater site at which I recently wished 
to measure the loss of the line from the antenna to 
the transmitter. One method of measuring the loss 
would be to carry either a power meter or a signal 
generator up the tower for connection to the coax at 
the antenna. An alternative method would be to sim 
ply short or open the transmission line at the antenna 
and measure the resulting standing wave ratio at the 
transmitter. Fig. 15 could then be used to compute 
the transmission line loss. For example, a shorted 
SWR of 4:1 would correspond to a feedline loss of 
approximately 2.3 dB. 

ham radio 



ADDRESS 


CITY 


STATE 


| M Uw of the lamoi 


The ALLIANCE MjnulKlurmiCo, Inc.,Allunte, Ohio44601 

A NORTH AMERICAN PHILIPS COMPANY 


iim Antenna Relator . . Alliance Tenae Rotor* 


"TVa Retie* Colo* 0one* t o 


HD-73 HEAVY-DUTY 


ROTATOR 


with exclusive Dual-Speed Control! 


For antennas up to 10.7 sq. ft. of wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no-slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL-SPEED rotation with one five-position switch. 
SPECIFICATIONS: Max. wind load bending moment—10,000 
in.-lbs. (side-thrust overturning); Starting torque — 400 in.- 
Ibs.; Hardened steel drive gears; Bearings -100-%" diam¬ 
eter (hardened); Meter — D'Arsonval, taut band (back¬ 
lighted). There's much, much more — so get the whole story! 

Mail this coupon for complete details! 

upa | □ Send me complete details on the HD-73! 

I CO! □ Give me the name of my nearest dealer! 

NAME 


More Details? CHECK-OFF Page 118 
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Collins 32S cooling 

One of the major enemies of final 
amplifiers, tube or transistor, is heat. 
My Collins 32S-1 is no exception, and 
a cooling fan over the amplifier cage 
is attempting to lengthen the life of 
my 20-year-old rig. 

I got tired of unplugging the fan 
after operating and dreaded the 
thought of forgetting to shut if off. 





AC COMMON 
AC SWITCHED 
PI 


AC SOCKET 
RADIO SHACK 
270-642 


fig. 1. Partial schematic of the Collins 
516-F2 supply showing a socket addition 
for an amplifier cooling fan. 


An outboard switch was contem¬ 
plated — and the thought quickly dis¬ 
carded. I preferred to have the fan 
turn on and off with the transmitter 
power. This is how I did it. 

I mounted an ac chassis-mount re¬ 
ceptacle (Radio Shack part 270-642) 
on the 516-F2 chassis in the space oc¬ 
cupied by the stick-on, serial-number 
label. (I transferred the label informa¬ 
tion with an engraving pencil to the 
chassis.) This location almost per¬ 
fectly centers the receptacle between 
XVI and XV2. The socket was wired 
as shown in fig. 1 , using heat-shrink 
tubing on the receptacle terminals. 


A fan such as the Rotron Whisper 
may be spray painted and secured to 
the cabinet lid directly through the 
holes with M3 (4-40) hardware. A 
cover on this fan isn't recommended, 
as it will create a back pressure and 
hamper the cooling-system effi¬ 
ciency. 

When the fan is plugged into the 
516F-2 receptacle, the fan will turn on 
and off with the 32S FREQUENCY 
CONTROL switch to provide extra 
cooling. 

Paul K. Pagel, N1FB 


shunt-fed tower 

A problem that commonly occurs 
when one tries to shunt feed a tower 
for 160, 80, and 40 meters is not hav¬ 
ing a large effective diameter for the 
shunt section. A small-gauge wire 
makes things a bit touchy and wire 



fig. 2. Bottom spacer and connection for 
the shunt-fed tower. Looping the spacer 
over the tower rung allows you to main¬ 
tain tension in the gamma section, holding 
it rigid. Either the material for the bottom 
spacer or the connection between the 
turnbuckle and hardline must be insu¬ 
lated. 


cages always seem to get twisted up 
during mounting. 

These problems are eliminated if 
the relatively large diameter CATV 
coax is used. This material can usually 
be obtained free (or, at most, for a 
few dollars) from the CATV company 
warehouse scrap yard as "reel ends." 


NOTCHED OUT TO ALLOW SUPPORT TO 
SLIP UNDER ZIG-ZAG 

SPACER BARS ON TOWER 



CONNECT TOP OF 
SHUNT SECTION TO 
TOWER LEG - BOND 
OR CLAMP SECURELY 


DRILL HOLE THRU 
COAX AT TOP 
SUPPORT SPACER AND 
DRIVE A NAIL THRU 
HOLE TO SUPPORT TOP 
OF COAX 


NOTCH OUT TO ALLOW 
SUPPORT TO SLIP OVER 
TOP OF ZIG - ZAG SPACER 
BAR 


fig. 3. Diagram of the top spacer and con¬ 
nection to the tower. 


My system requires no clamps for 
attaching the shunt feed element to a 
36-meter (118-foot) ROHN 25 tower 
(see figs. 2 and 3 for construction of 
spacer/clamp assembly). Some ex¬ 
perimentation with the spacing be¬ 
tween the tower and shunt section 
will be required to achieve a VSWR 
of 1.0:1. 

Dick Bingham, N6HZ 


Yagi antenna for uhf — 
simplified construction 

Homebrewing antennas has never 
been one of my strong points. Most 
of my beams had more of an omnidi¬ 
rectional characteristic than a main 
lobe. The problem was making all the 
elements point in the same direction. 
If your main construction tools are 
the same as mine — a blow torch and 
a sledge hammer — then the tech¬ 
niques I managed to acquire may be 
helpful in making your next beam 
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test hole, then insert an antenna ele¬ 
ment to check for alignment. It took 
me three tries to get the drill oriented 
just right. 

The next problem was how to hold 
the elements in the boom without 
using a lot of clamps or brackets. 
After many tries, I used speed nuts. 
They worked well and held the ele¬ 
ments firmly in place. I pressed a 
speed nut onto each element end 
(photo 2). Caution: When pushing 
the speed nuts up to the boom, be 
certain that the element is centered 
(photo 3), because backing up the 
speed nuts is nearly impossible. 
Speed nuts are available in many 
sizes at most hardware stores. I 
applied a liberal coat of silicone rub¬ 
ber to protect the speed nuts from 
rust (photo 4). 

it's used to align the other holes as 
you look down the boom. The drill bit 
acts as a gunsight for alignment 
(photo 5). If minor alignment exists, 
correction can be made by forming 
the elements. 

The antenna shown in photo 6 
was my first attempt to built a 432- 
MHz Yagi using the method described. 
The cost was just over $5.00. using 
an aluminum boom and welding rods 
for elements. I've also built some 2- 
meter Yagis. Tests have shown that 
these homebrew antennas are within 
'A dB of their commercial counter¬ 
parts. Pattern checks have shown a 
clean main lobe. 

Thomas Varmecky, WA3CPH 


look more like an antenna than a 
corkscrew. 

Drilling holes is probably the most 
critical part of construction. I used a 


drill stand to hold the drill in place. I 
made a guide from a piece of V chan 
nel aluminum bolted to a piece of 
wood (see photo 1). The V block 
keeps the tubing from wandering dur¬ 
ing drilling. Be sure the drill is cen¬ 
tered in both directions in the stand. 
Use a scrap piece of tubing to drill a 


Photo 1: Drill stand for working aluminum tubing is made from a piece of V-shaped aluminum bolted to a piece of wood Photo 
2: Speed nuts hold the element to the boom. Photo 3: Detail showing element to-boom mating using speed nuts. Photo 4: Final 
assembly of element to boom A coat of silicone rubber protects the joints from rust. Photo 5: Use the drill bit as a gunsight for 
alignment when drilling holes for the other elements. Photo 6: Complete 432 MHz homebrew Yagi antenna Antenna elements 
are welding rods: entire antenna cost just over $5.00. 
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WILSON SYSTEMS, INC. presents 
the SYSTEM 36 



A trap loaded antenna that performs like a monobander! 
That's the characteristic of this six element three band beam. 
Through the use of wide spacing and interlacing of elements, 
the following is possible: three active elements on 20, three 
active elements on 15, and four active elements on 10 me¬ 
ters. No need to run separate coax feed lines for each band, 


as the bandswitching is automatically made via the High-Q 
Wilson traps. Designed to handle the maximum legal power, 
the traps are capped at each end to provide a weather-proof 
seal against rain and dust. The special High-Q traps are the 
strongest available in the industry today. 


Band MHz.14 21 28 

Maximum power input. Legal limit 

Gam IdBd).Up to 9 dB 

V/SWR @ resonance . . . 1.3 1 

Impedance.50 S! 

F/B ratio.20 dB or better 


SPECIFICATIONS 


Boom (O.D. x Length) . . 2” x 24'2’4" 

No. of elements.6 

Longest element.28’2V* 

Turning radius.18’6*‘ 

Maximum mast diameter. 2" 

Surface area.8.6 sq. ft. 


Wind loading @ 80 mph . . 215 lbs 
Maximum wind survival . 100 mph 

Feed method.Coaxial Baiun 

Assembled weight (approx. 53 lbs 
Shipping weight (approx ). 62 lbs 


Compare the S Y-36 with others 

JL 


-Y- 



to element clamps. See who offers the largest 
and heaviest duty. Which would you prefer? 


CALL 

FACTORY DIRECT 
1-800-634-6898 


BRAND 

CC 


BRAND. 

HG 


i-VVILSO Nh 
SYSTEMS 


Wilson Systems traps offer a larger diameter 
trap coil and a larger outside housing, 
giving excellent Q and power capabilities. 

Finn wilson 

SYSTEMS INC 

4286 S. Polaris Ave.. Las Vegas. Nevada 89103 
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WILSON SYSTEMS INC. MULTI-BAND ANTENNAS 



Capable of handling the Legal Limit, the "SYSTEM 33" is the finest com¬ 
pact tri-bander available to the amateur. 


Designed and produced by one of the world's largest antenna manufacturers, 
the traditional quality of workmanship and materials excells with the 
"SYSTEM 33". 

New boom-to-element mount consists of two 1/8" thick formed aluminum 


v 



n 

y 


r 

( 


WV-1A 

4 BAND 

TRAP VERTICAL 
(10-40 METERS) 

No bandswitching 
necessary with this 
vertical. An excellent 
low cost DX antenna 
with an electrical quarter 
wavelength on each band 
and low angle radiation. 
Advanced design 
provides low SWR and 
exceptionally flat 
response across the full 
width of each band. 

Featured is the Wilson 
large diameter High-Q 
traps which will maintain 
resonant points with 
varying temperatures and 
humidity. 


Easily assembled, the 
WV 1A is supplied with 
a hot dipped galvanized 
base mount bracket 
to attach to vent pipe or 


plates that will provide more clamping and holding strength to prevent ele¬ 
ment misalignment. 

Superior clamping power is obtained with the use of a rugged 1/4" thick 
aluminum plate for boom to mast mounting. 

The use of large diameter High-Q traps in the "SYSTEM 33" makes it a high 
performing tri-bander and at a very economical price. 

A complete step-by-step illustrated instruction manual guides you to easy 
assembly and the lighweight antenna makes installation of the "SYSTEM 
33" quick and simple. 

The same quality traps are used in the SY33 that are used in the SY36. 


SPECIFICATIONS 


Band MHz.14 2128 

Maximum power input. Legal limit 

Gain (dbd).Up to 8 dB 

VSWR at resonance.1.3:1 

Impedance.50 ohms 

F/B ratio.20 dB or better 

Boom (O.D. x length). 2"x14'4" 

No. elements .3 

Longest element.27'4" 


Turning radius.15'9" 

Maximum mast diameter. ... 2" O.D. 

Surface area.5.7 sq. ft. 

Wind loading at 80 mph .... 114 lbs. 
Assembled weight (approx.) . 37 lbs. 
Shipping weight (approx.). . . 42 lbs. 


Direct 52 ohm feed—no balun required 
maximum wind survival .... 100 mph 


CALL 

FACTORY DIRECT 
1-800-634-6898 


E701 1 WILSON 

SYSTEMS, INC. 

4286 S. Polaris Ave.. Las Vegas. Nevada 89103 


and tp»«<f*4t>on« Uihtact to Chan«a without notice 


to a mast driven in the 


ground. 

Note: 

Radials are required lor 
peak operation. 

1^^ (See GFM below). 

] SPECIFICATIONS: 


• Self supporting—no guys 
required. 

• Input Impedance: 50 il 

• Powerhandling capability 
Legal Limit 

• Two High-Q Traps with 
large diamater coils 

• Low Angle Radiation 

• Omnidirectional 
performance 

• Taper Swaged Aluminum 
Tubing 

• Automatic Bandswitching 

• Mast Bracket furnished 

• SWR: 1.1:1 or less on all 
Bands 



The GR-1 is the complete 
ground radial kit for the WV- 
1 A. It consists of: 150'of 7/14 
stranded copper wire and 
heavy duty egg insulators, in¬ 
structions. The GR-1 will in¬ 
crease the efficiency of the 
GR-1 by providing the correct 
counterpoise. 















WILSON MONO-BAND BEAMS 


THE ALL NEW 

5 ELEMENT 20 METER BEAM 

M520A 


At last, the antennas that you have been waiting for are here! The top quality, optimum spaced, and newest designed mono¬ 
banders. The Wilson Systems' new Monoband beams are the latest in modern design and incorporate the latest in design 
principles utilizing some of the strongest materials available. Through the select use of the current production of aluminum 
and the new boom to element plates, the Wilson Systems' antennas will stay up when others are falling down due to heavy ice 
loading or strong winds. Note the following features: 

1. Taper S w aged Elements - The taper swaged elements provide strength where it counts and lowers the wind loading more 
efficiently than the conventional method of telescoping elements of different sizes. 

2. Mounting Plates — Element to Boom — The new formed aluminum plates provide the strongest method of mounting the 
elements to the boom that is available in the entire market today. No longer will the elements tilt out of line if a bird 
should land on one end of the element. 

The Wilson Beta-match offers the ability to ad 
just the terminating impedance that is far su¬ 
perior to the other matching methods including 
the Gamma match and other Beta-matches. As 
this method of matching requires a balanced 
line it will be necessary to use a 1:1 balun, or 
RF choke, for the most efficient use of the HF 
Monobanders. 

The Wilson Monobanders are the perfect answer 
to the Ham who wants to stack antennas for 
maximum utilization of space and gain. They 
offer the most economical method to have 
more antenna for less money with better gain 
and maximum strength. Order yours today and 
see why the serious DXers are running up 
that impressive score in contests and num¬ 
ber of countries worked. 


With the Wilson Beta match method, it is a "set 
it and forget it" process. You can now assemble 
the antenna on the ground, and using the guide¬ 
lines from the detailed instruction manual, ad 
just the tuning of the Beta-match so that it will 
remain set when raised to the top of the tower. 


Wilson's Beta match offers 
maximum power transfer. 


SPECIFICATIONS 


Boom 


Turning 

Radius 


Longest Boom 
Element O.D. 


Band Gam F/B 
M,M dBd Ratio 


Matching iiam«m 


Length 


M420A 


M515A 

M415A 

M510A 


M410A 


CALL 

FACTORY DIRECT 
1 - 800 - 634-6898 


WILSON 

SYSTEMS, INC. 


4286 S Potfm Aw L«t N.-v.id.* 89103 


Prtcn and t|tKil«itium u*litrei to champ without nolica 


1.1:1 

50 fi 

Beta 

111 

50 a 

Beta 

t it 

50 12 

Bets 

1.1:1 

50 Si 

Beta 

1 1:1 

50 il 

Beta 

it i 

50 il 

Beta 






















































































New, Improved Wilson Towers 


Hinged Base Plate - Concrete 
Pad, Heavy Duty Winch 


Mounting the House Bracket 


The Hinged Base Plate allows 
tower to be tilted over for 
access to antenna and rotor 
from the ground. 


T’OO 


* S' 0 0 


TT-45A 


NEW IMPROVED 
FEATURE 

Heavier wall tubing 
greatly increases the 
stress capabilities 
over the older 
TT45 and MT-61. 


MT-61 A 


• ■, U 0 


t" 0.0 


FEATURES: 

• Maximum Height 45' (will handle 
12 sq ft. at 38') @ 50 mph 

• 1200 lb winch 

• Totally freestanding with proper base 

• Total Weight, 243 ibs. 

The TT-45A is a freestanding lower, ideal for in¬ 
stallations where guys cannot be used. If the tower 
is not being supported against the house, the pro¬ 
per base fixture accessory must be selected. 
(Requires 12"x12"x36" ol concrete.) 


FEATURES: 

• Is freestanding with use of proper base 

• Maximum Height is 61' (will handle 
12 sq. ft. at 53") @ 50 mph 

• 1200 lb brake winch 

• 4200 lb. raising cable 

• Total Weight. 400 lbs 
Recommended base accessory RB-61A. 

FB-61A 

The MT-61A is our largest and tallest freestanding 
tower. By using the RB-61A rotating base fixture 
the MT-61A is ideally suited for the SY33 or SY- 
36 If you plan to mount the tower to your house, 
caution should be taken to make certain the cave 
is properly reinforced to handle the tower If not. 
one of the base accessory fixtures should be used. 
(Requires 18"x18"x48" concrete I 


GENERAL FEATURES 

All towers use high strength heavy galvanized steel tubing that conforms to ASTM speci¬ 
fications for years of maintenance-free service. The large diameters provide unexcelled 
strength. All welding is performed with state-of-the-art equipment. Top sections are 2" 
O.D. for proper antenna/rotor mounting. A 10' push-up mast is included in the top sec 
tion of each tower. Hinge-over base plates are standard with each tower. The high loads of 
today's antennas make Wilson crank-ups a logical choice. 


TILT-OVER BASES FOR TOWERS 


FIXED BASE 

The? FB Series was designed to 
provide an economical method of 
moving the tower away from the 
house It will support the tower in 
a completely free-standing vertical 
position, while also having the 
capabilities of tilting the tower 
over to provide an easy access to 
the antenna. The rotor mounts at 
the top of the tower in the con¬ 
ventional manner, and will not ro¬ 
tate the complete tower (Re 
quires 3'x3'x5V of concrete.) 

FB45A... S 99.95 
FIT61A... 129.95 



ROTATING BASE 

The RB Senes was designed for 
the Amateur who wants the add¬ 
ed convenience of being able to 
work on the rotor from the 
ground position. This series of 
liases will give that ease plus ro¬ 
tate the complete tower and an¬ 
tenna system by the use of a 
heavy duty thrust bearing at the 
base of the tower mounting posi¬ 
tion. while still being able to tilt 
the tower over when desiring to 
make changes on the antenna 
system (Requires 3'x3'x6' of 
concrete.) 

RB45A... $139.95 
RB-61A... 199.95 



rirrn wilson 

a k m SYSTEMS, INC. 


4286 S. Polaris Avenue 
Las Vegas, Nevada 89103 
(702) 739-7401 

Toll Free Order Number 800-634-6898 



Tilting the tower over 
is a one-man task with 
the Wilson bases. 

(Shown above is 
the RB-61 A.) 
(Rotor not included) 
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Model M68 
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\ SPE CIF IC AT IONS 

Bend MH* 

Mimimim Power Input 
I G.,n (dBI 
B \ SWR (et resonance) 
impedance 
■ F/B Ratio (dBI 

Boom IO.D * Length I 




8 elements W - I • D • E spaced on a L • O • N • G 37" boom ... for those long hauls 
to JA and VK landl Choose 4, 6 or 8 elements to put you In the action on six 
meters. 


No. Elements 
Longest Element (Ft.) 
Turning Radius (Ft.) 

Mast Diameter 
Boom Oiemeter 
Surface Area (Sq. Ft.) 
Wind Loading • 80 mph 
Assembled wtrfit. Approx. 
Shipping w<rfit. Approx 

Matching Method _ 

PRICE 


MODE L Mb8 

MOOt l MM. 

1 MOOFL • 

464 

50 

50 

50 


4 Kw 

4 Kw 

4 Kw 


13.5 

13.0 

100 


1.1:1 

1.1 1 

111 


50 ohm* 

50 ohm* 

50 ohm 

IS 

26 

26 

25 


2” to 1H“ 

« 3610" 

2" x 75'8" 

1H" x 11 

'6" 

8 

6 

4 


98- 

98" 

9-8" 


190" 

13-10" 

7*6" 


2"0.0 

2" O D 

Itt" O l 

0 . 

2" to 1 VS" O D 

2" O D 

1VS" Ol 

0 . 

5.8 

4 5 

15 


145 

112 

37 


34 lb* 

26 lb* 

11 lb* 


39 lb* 

31 lb* 

13 lb* 


Gamma 

Gamma 

G*mm 

• 

S84 95 

S54 96 

S27 9! 
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2 METER BEAMS 


Wilson's new 2 meter series combines the ultimate in design and quality materials. These top performing 
beams feature 7, 9 or 11 aluminum elements held to the heavy walled boom with the exclusive molded 
Lexan® boom to element mounting. The four driven elements use Log Periodic design for broad band 
characteristics providing full 144-148 MH* coverage with less than 
1.2 to 1 VSWR across the band. Universal mounting is provided 
for vertical or horizontal polarization. 



SPECIFICATIONS 


Band MM, 

Gam (dBI 
VSWR 

Impedance 
Number ol Elements 
Boom (0.0. x Length! 
Longest Element 
Surface Area (Sq Ft.) 
Assembled wtfit Approx 
Shipping wght. Approx 
Turning Radius_ 


144 148 MH/ 
11 dB 

Lets than 1.2 1 
across bend 


144 148 MH/ 
13.7 dB 
Lets then 1.2 1 
across band 


144 148 MH/ 
14.5 dB 
Less than 12 1 


50 ohms balanced 50 ohms balanced 50 ohm* balanced 


1” 0.0. x 6*4"L. 
40" 

8 

3 5 lbs 
6 5 lbs. 


1" 0.0 x 10*0”L 
40" 

1.5 
5 lbs 


1H” O O. x 12*6" 
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WILSON SYSTEMS. INC. - 4286 S. Polaris 
Las Vegas. NV 89103 - (702) 739 7401 

_ WILSON SYSTEMS ANTENNAS 

Oty I Model I Description 


3 Ele Tribander for 10. 15. 20 Mirs. 


6 Ele Tribandcr for 10. 15. 20 Min. 


Trap Vertical for 10, 15. 20. 40 Mtrs 


Ground Radial* for WV 1A 


5 Elements on 20 Mtrs. 


M 420A 4 Elements on 20 Mtrs. 


M-515A 5 Elements on 15 Mtrs. 


4 Elements on 15 Mtrs. 


5 Elements on 10 Mtrs. 


4 Elements on 10 Mtrs. 


Mobile Antenn.i 5/8 A on 2. 1/4 A on G 
8 Elements on 6 Mtrs. 


6 Elements on 6 Mtrs. 


4 Elements on 6 Mirs 


11 Elements on 2 Mtrs. 


9 Elements on 2 Mtrs. 


7 Elements on 2 Mtrs 


ACCESSORIE S_ 

Alliance Heavy Duty Rotor 


8/C Rotor Cable 

RG 8U Foam Ultra Flexible Coaxial 
Cable 38 strand center conductor, 11 r * 


FACTORY DIRECT 
ORDER BLANK 



| Shipping! 


UPS 


UPS 


UPS 


UPS 


TRUCK 


UPS 


UPS 


UPS 


UPS 


UPS 


UPS 


UPS 


UPS 


UPS 


UPS 


UPS 


UPS 


Price 


SI 39.95 


189 95 


44 95 


995 


209 95 


139.95 


119.95 


79.95 


84 95 


64 95 


1995 


84.95 


54.95 


27 95 


29 95 


r Toll-Free Order Number 

1 - 800 - 634-6898 

WILSON SYSTEMS TOWERS _ _ 

D—criplion | Shipping 


TT-45A Freestanding 45* Tubular Tower 


Fixed Base for TT-45A w/lill over feature 


Freestanding 61’Tubular Tower _ 



Shipping 

1 i 

TRUCK 


TRUCK 

139.95 

TRUCK 

99.95 

TRUCK 

■0223 

TRUCK 

199 95 j 

TRUCK 

129 9b 


FB-61A | Fixed Base for MT 61A w/tilt over feature 


NOTE 

On Coaxial and Rotor Cable, minimum order is 100 It and in 50’ multiples 
Prices and specifications subject to change without notice. 

Ninety Day Limited Warranty, All Products FOB Las Vegas. Nevada 

PRICES EFFECTIVE NOV 1.1979 



































































































comments 

(Continued from page 6) 

wherein L, W, and t represent length, 
width, and thickness. 

To maintain 12 amperes/square 
foot, you must measure the resis¬ 
tance of the bath with the piece to be 
processed in place and apply Ohm's 
law or use a variable voltage supply 
with an ammeter in the circuit. Main¬ 
taining this current will require a 
power supply capable of supplying 
15-20. volts at a current equal to 
125-150 per cent of the calculated 
amount. Voltage will vary with bath 
temperature and alloy. 

Best anodizing results are obtained 
by maintaining a constant current 
throughout the cycle. By maintaining 
the bath temperature between 68 and 
72F (use a long glass dairy thermome¬ 
ter) and the current at 12 amperes/ 
square foot, the time required to pro¬ 
duce a given coating thickness will be 
80 ampere minutes per 0.01 mil or 
0.0001 inch. In other words, 6.7 
minutes' time will produce 0.0001 
inch of coating (80 divided by 12) if 
the other parameters are observed. 

In substantiation of this, note that 
automobile trim is generally required 
to have a 0.3-mil coating, and most 
anodizers achieve this with a 20- 
minute treatment. 

Most dyes work well on coatings of 
0.3 mil and up. Note, too, that for any 
alloy worthy of consideration by the 
Amateur fraternity, the coating 
weight or thickness will vary no more 
than three per cent in either direction 
when coated according to these sug¬ 
gestions. 

Proper operating practice should 
be observed if you expect usable 
results. The material must be dean as 
a prerequisite to anodizing. Scrub¬ 
bing the piece with a good soap or 
detergent should suffice, provided 
the piece is then thoroughly rinsed. A 
good test for cleanness is that the 
rinse water falls off the surface in an 
unbroken fashion; that is to say, it 
should not form beads as does the 
rain on the waxed hood of a car. 


Pretreatments such as buffing, 
wire brushing, or etching should be 
given some thought by the experi¬ 
menter. Once the piece has been pro¬ 
perly racked (fastened to the alumi¬ 
num rod or strip for suspension in the 
bath), it should be carefully lowered 
into the electrolyte with the power off. 

The power should then be applied 
at a low level and quickly increased to 
the calculated current. The bath 
should have some mild agitation dur¬ 
ing the whole anodizing cycle. What¬ 
ever method is used to agitate the 
bath must take into consideration the 
hazards of dealing with an add bath. 
The power should be turned off be¬ 
fore the piece is removed. 

Aluminum racks are anodized 
along with the piece of work. Hence, 
before they're used again they should 
be sanded, wire brushed, or etched in 
the contact areas to ensure a good 
electrical contact. Alloy 2024-T3 or 
-T351 will work best as rack material 
for Amateur use. Good electrical con- 


autotune circuit 

Dear HR: 

Shown in fig. 1 is a circuit, road 
tested on a Heath HW-7, that can be 
used for "touch tuning'' a vfo. SI 
and S2 are momentary pushbutton 
switches. SI provides down-frequen¬ 
cy tuning and S2 allows up frequency 
tuning. The tuning rate is controlled 
by the time constants R1-C1, for 
down, and R2-C1, for up; the values 
given are for about 5 seconds per 
kHz. Nothing is critical, the jfet is a 
4/$1.00 special, and the rf choke and 


tacts are very important to the suc¬ 
cess of any anodizing experiment. 

Anodizing may be done by various 
methods (including ac anodizing) and 
for many reasons. By and large, the 
greater portion of such treatments 
represented by the H 2 SO 4 processes 
are meant to enhance the appearance 
of the item treated. The use of the 
process by the Radio Amateur should 
be regarded as a means of improving 
his handiwork. 

Any experimenter in need of fur¬ 
ther corrosion protection of an alumi¬ 
num item would be well advised to 
take his problem to a professional 
anodizer. These sources are listed in 
the yellow pages of your local phone 
book. 

The work cited in the reference is a 
three-volume set and is highly recom¬ 
mended to anyone interested in more 
information on aluminum or the pro¬ 
cesses employed to fabricate it. 

Robert A. Ridout, WA9UXK 
McHenry, Illinois 


capacitors were chosen by "reach." 
R3 provides current limiting at about 
2.5 mA, and R4 is for insurance. 

The idea is presented as an effort 
to eliminate the mechanical mish¬ 
mash that is often' associated with 
dial drives. Using this circuit with a 
frequency counter for readout will 
provide a rather neat receiver. Such 
niceties as variable or selectable 
R1C1/R2C2 time constants could be 
added. 

Roy Propst, K4JFZ 
Carrboro, North Carolina 

+ 9V 
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MY COMPETITION KNOWS ME 
YOU SHOULD, TOO! 



FREE: HALTRONIX 1979 Special Clock Kit - with 
purchase of any Frequency Counter. 

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR 
COUNTER COMPLETE HAL-600A 7 DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO 
TO 600 MH/ FEATURES TWO INPUTS ONE FOR LOW FREOUENCY AND ONE FOR HIGH 
FREQUENCY AUTOMATIC ZERO SUPPRESSION TIME BASE IS 1 0 SEC OR 1 SEC GATE 
WITH OPTIONAI 10 SEC GATE AVAILABLE ACCURACY ± 001% UTILIZES 10 MH/ 
CRYSTAL b PPM 

COMPLETE KIT. *1» 

HAL-300A 7 DIGIT COUNTER WITH FREOUENCY RANGE OF ZERO TO 300 MH/ FEA¬ 
TURES TWO INPUTS ONE FOR LOW FREOUENCY AND ONE FOR HIGH FREQUENCY AUTO 
MAHC ZERO SUPPRESSION TIME BASE IS 1 0 SEC OR 1 SEC GATE WITH OPTIONAL 10 
SEC GATE AVAILABLE ACCURACY ± 001%. UTILIZES 10 MH/CRYSTAL 5 PPM 

COMPLETE KIT . $109 

HAL 50A 8 DIGIT COUNTER WITH FREOUENCY RANGE OF ZERO TO SO MH/ OR BETTER 
AUTOMATIC DECIMAL POINT. ZERO SUPPRESSION UPON OEMAND FEATURES TWO IN 
PUTS ONE FOR LOW FREQUENCY INPUT AND ONE ON PANEL FOR USE WITH ANY INTER 
NALLY MOUNTED HALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE 1 0 SEC AND 1 SEC TIME GATES ACCURACY ±001% UTILIZES 10 MH/ 
CRYSTALS PPM 

COMPLETE KIT. $100 


HAL 300 PRE 
HAL 300 A/PRE 
HAL 600 PRE 
HAL 600 A/PRE 


PRE SCALER KITS 

(Pre-drllled G 10 board and all components) 
(Same as above but with proamp) 
(Pre-drllled G 10 board and all components) 
(Same as above but with preamp) 


SI 4.95 
$2495 
$29.95 
$39.95 


TOUCH TONE DECODER KIT 

HIGHLY STABLE DECODER KIT COMESWIIH2SIOED.PLATEO THRU ANO SOLDER FLOWEO 
G-10 PC BOARD 7-567's, 27402 ANO ALL ELECTRONIC COMPONENTS BOARD M£AS 
URES 3 1/2x51/2 INCHES HAS 12 LINES OUT 0NIYS39.95 
DELUXE 12-BUTTON TOUCHTONE ENCODER KIT utilizing the new ICM 
7206 chip Provides both VISUAL ANO AUDIO indications' Comes wilh its 
own two-tone anodized aluminum cabinet Measures only 2 3/4" x 3-3/4" 
Complete with Touch Tone pad. board, crystal, chip and all necessary com¬ 
ponents to finish the Kit. 

PRICED AT $29.95 

For those who wish to mount the encoder In a hand-held unit, the PC board 
measures only 9/16" x 1-3/4" This partial kit with PC board, crystal, chtp 
and components. 

PRICED AT..$14.95 

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE 
VERY POPULAR WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY 
JAMES GARRETT. IN OST MAGAZINE AND THE 19/5 RADIO AMATEUR S 
HANDBOOK $1«»5 

ACCUKEYER - MEMORY OPTION KIT THIS ACCUKEYER MEMORY KIT 
PROVIDES A SIMPLE. LOW COST METHOD OF ADDING MEMORY CAPA 
BILITY TO THE WB4VVF ACCUKEYER WHILE DESIGNED FOR DIRECT 
ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED 
TO ANY STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY 

$16.95 

CLOCK KIT — HAL 79 FOUR DIGIT SPECIAL - $7.95 

OPERATES ON 12-VOLT AC (NOT SUPPLIED) PROVISIONS 
FOR DC AND ALARM OPERATION 

6-DIGIT CLOCK • 12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLEO PC BOARDS, 1 
CLOCK CHIP. 6 FND 359 READOUTS. 13 TRANSISTORS. 3 CAPS. 9 RESIS¬ 
TORS 5 DIODES. 3 PUSH BUTTON SWITCHES. POWER TRANSFORMER 
AND INSTRUCTIONS 

OON'T BE FOOLED BY PARTIAL KITS WHERE YOU HAVE TO BUY EVERY¬ 
THING EXTRA 

PRICED AT. *»*••* 

CLOCK CASE Available and will III any one ol the above clocks Regular 
Price $6.50 Bui Only $4.50 when bought with clock. 

SIX-DIGIT ALARM CLOCK KIT lor home, camper. RV, or field day use Oper¬ 
ates on 12-volt AC or DC, and has Its own 60-Hz lime base on the board 
Complote wllh all electronic components and two-piece, pre-drllled PC 
boards. Board size 4" x 3". Complete wilh speaker and swilches. If operated 
on DC. there Is nothing more to buy " 

PRICED AT . . .$16-95 

"Twelve-volt AC line cord lor those who wish to operate the clock Irom 
110-volt AC. $2 50 

SHIPPING INFORMATION — ORDERS OVER $15 00 WILL BE SHIPPED P0SIPAID 
EXCEPT ON HEMS WHERE ADDITIONAL CHARGES ARE REQUESTED ON ORDERS LESS 
THAN $15 00 PLEASE INCLUDE ADDITIONAL $100 FOR HANDLING AND MAILING 
CHARGES SEN0SASE FOR FREE FIVER 
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NOWANALUMA TOWER 
DISTRIBUTOR 


& 


.■•V* 

"HAL" tica -I— 

HAROLD C. NOWLAND 
W8ZXH 


Hal-Tronix 

P.O.BOX 1101 
SOUTHGATE, MICH. 48196 
PHONE (313) 285-1782 



*/4 KILOWATT 
UNEAR AMPUFIER 

TPL proudly presents the first true power 1/4KW 
SSB/AM. FM or CW solid state 
2 meter linear amplifier 

A remote control plug allows 
you to operate with the ampli¬ 
fier ON or OFF. or in 
SSB/AM. FM or CW 
from the dashboard 



The 20Q2 utilues the latest state of the art engineering including micro¬ 
strip circuitry and modular construction. The three final transistors 
combine to produce 250W when driven by 15W or more at 13.8VDC 
POWER INPUT HARMONIC ATTENTUATtON: 

5-20W Carrier FM or CW All Harmonics Attenuated 

20W PEP maximum SSB or AM 60 dB or Greater 


POWER OUTPUT 

200-250W carrier FM or CW 
300W PEP SSB or AM 

FREOUENCY RANGE: 

144 to 148 MHj* 

* will operate with slight 
degradation at 142 150 MHx 


CURRENT ORAIN 
FM-40 Amps (a) 250W 
SSB 30 Amps 300W PEP 

DUTY CYCLE: 

FM 50% @ 150W 33% @ 250W 
SSB 60% @ 15CW 50% (a> 250W 



Model 2002 $499.00 
can be ordered for repeater application 
tor additional information contact 

COMMUNICATIONS INC. 

1324 W 135TH ST . GARDENA. CA 90247 (213) 538-9814 

Canada Lanbroofc industrial. Lid. lUSBaiiamy ftd , Scarborough, Ontario M1M 1H5 
Export EMEC Inc . 2360South 30th Avenue. Hallandale. Florida 33000 


“CALL FOR QUOTE“ 

KENWOOD 

TS-520SE 



MADISON ELECTRONICS 
SUPPLY, INC. 

1508 McKinney • Houston, TX 77002 

(713) 658 0268 

MASTERCHARGE • VISA 
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1 - 800 - 228-4097 


CALL TOLL FREE 


Hy-Gain 3806 



2-Meter Hand-Held 
Amateur Transceiver 


SPECIALLY 

PRICED 

ONLY 

$ 119. 95 


’ Sharply tuned on-lrequenCy »etecUvlty m the RF 
•mplllter ttagw plu* FET> In the 1 it and 2nd mixers 
lor virtual Immunity to oul-of-band tlgnali 
Intermodulatlon distortion and croaa-modulallon 
' Separate microphone and speaker elements lor 

’ Internally ad|ustable mic preamp—a Hy-Gain 


Watertight, high-impact ABS plastic case—ribbed 
lor non-slip grip 

Top-mounted controls lor Instant access 


CALL TOLL FREE 

1 - 800 - 228-4097 

for Quality Ham Radio Products at Discount Prices 


KENWOOD 

YAESU 

DRAKE 

ICOM 

STANDARD 

PANASONIC 

aea 


DENTRON 

HY GAIN 

MOSLEY 

CUSHCRAFT 

WILSON 

HUSTLER 

LARSEN 

BENCHER 


TAYLOR £ T O. ALPHA 

SWAN VHF ENGINEERING 

TEMPO BERK TEK CABLE 

TEN TEC CONSOLIDATED TOWER 

MIDLAND SAY 

CDE SHURE 

AUTEK TELEX 

MIRAGE ROBOT SSTV 


ij Our Mail Order Hours (CST) 


Call and Talk to 


MF 

!' Saturday 
j; Sunday 

8 am to 12 Midnight 

8 am to 6 [Dm 

Noon to 8 pm 

-.-. ..-1 

Don 

Denny 

Bill 

Joe 

WB0YEZ 
W0QR 
KA7CDF 
WA0 WRI 

John 

Blame 

Bob 

Ji m 

WB0MTS 

WB0QLH 

WB0RQZ 

KA0CRK 



1-800-228-4097 

Communications Center 

443 N 48th Street 
Lincoln, Nebraska 68504 
In Nebraska Call (402)466-8402 


Antenna Sale! 

HY-GAIN 



TH8DXX 

Super Thunderbird 

Regular 

$329.95 

Special 

$259.95 

18HT 

Hy-Tower 80-10M \*rtical 

Regular 

$359.95 

Special 

$289.95 

TH3MK3 

3el. 10-15-20M beam 

222.95 

179.95 

18AVT/WB 

80-10M Trap vertical 

105.95 

84.95 

TH3JR 

3 el. 10-15-20M beam 

169.95 

139.95 

14AVQ/WB 

40-10M Trap vertical 

69.95 

57.00 

Hy Quad 

2 el. 10-15-20M Quad 

274.95 

219.95 

12AVQ 

20-10M Trap Vertical 

42.95 

34.95 

205BA 

5 el. "Long John" 20M beam 

329.95 

259.95 

14RMQ 

Roof Mounting kit (verticals! 

33.95 

29.95 

155BA 

5 el. "Long John" 15M beam 

199.95 

159.95 

5BDQ 

80-10M Trap doublet 

109.95 

89.95 

105 BA 

5 el;"’Long John" 10M beam 

129.95 

109.95 

2BOQ 

80-40M Trap doublet 

59.95 

49.95 

204BA 

4 el. 20M beam 

249.95 

199.95 

668 

6 el. 6M beam 

119.95 

99.95 

204MK5 

5 el. conversion kit 

99.95 

79.95 

203 

3 el. 2M beam 

15.95 


153BA 

3 el. 15M beam 

89.95 

79.95 

205 

5 el. 2M beam 

21.95 


103BA 

3 el. 10M beam 

74.95 

59.95 

208 

8 el. 2M beam 

29.95 


402BA 

2el. 40M beam 

239.95 

189.95 

214 

14 el. 2M beam 

34.95 


BN 86 

Baiun for beam antennas 

15.95 

15.95 

LA-1 

Deluxe lightning arrestor 

59.95 

49.95 

j TH2MK3 

2 ei 10-15 20M beam 

149.95 

119.95 

TH5DX 


269.95 

209.95 



MOSLEY 

Regular 

Special 

Classic 33 

3el. 10, 15, 20 Mtr. beam 

304.75 

209.95 

Classic 36 

6el. 10, 15, 20 Mtr. beam 

392.75 

249.95 

TA-33 

3 el. 10, 15, 20 Mtr. beam 

264.00 

189.95 

TA-36 

6 el. 10, 15, 20 Mtr. beam 

392.75 

249.95 

TA-33 Jr. 

3 el. 10, 15, 20 Mtr. beam 

197.00 

149.95 

TA-40KR 

40 Mtr. Add On 

119.95 

89.95 


ATB-34 4 ele. 10, 15, 20 Mtr. beam 
ATV-4 10. 15, 20, 40 Mtr. Vertical 
) ATV-5 10, 15, 20, 40, 80 Mtr. Vertical 
j ARX-2 2 Mtr. Ringo Ranger 

| AR-6 6 Mtr. Ringo 

: ARX-220 220 Mhz. Ringo Ranger 
ARX-450 435 Mhz. Ringo Ranger 
A144 11 11 ele. 144-146 Mhz. beam 


CUSHCRAFT 


A147-11 11 ele 146-148 Mhz beam 36.95 


A147-22 22 ele. Power Pack 

A144-10T 2 Mtr. Twist” 10 ele. 
A144-20T 2 Mtr. "Twist" 20 ele, 
A147-20T 2 Mtr. beam 
A430-11 432 Mhz. 11 ele. beam 

A432-20T 430-436 Mhz. Beam 


HUSTLER 


3-TBA 

3 ele; 10, 15, 20 Mtr. beam 

259.95 

189.95 

4-BTV 

10-40 Mtr. Vertical 

9995 

79.95 

5-BTV 

10-80 Mtr. Vertical 

134.95 

99.95 

RM-75 

75 Meter Resonator 

16.95 

14.50 

RM-75S 

75 Meter Super Resonator 

31.95 

27.50 

G6-144B 

2 Mtr. Base Colinear 

79.95 

59.95 

G7 144 

2 Mtr. Base Colinear 

119.95 

89 95 


ROTORS 

HAM 4 $149.95 T2X Tailtwistar $199.95 Alliance HD 73 $109.95 

Call for prices on rotor cable. Coax, Towers, and Accessories. All prices do not include shipping. 


We carry all major brands of ham radios 
AT DISCOUNT PRICES 


Kenwood — Yaesu — Drake — ICOM— Dentron — 
Ten-Tec— Swan — Tempo — Midland — E.T.O. — Wilson 






















products 


For literature on any of the new 
products, use our Check-Off 
service on page 118. 

memory keyer 

Announcing Con-puter 1, the total¬ 
ly new type of memory keyer for 
Amateur Radio CW contests or 
casual operation. Con-puter 1 permits 


( _ \ 
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the operator to store contest ex¬ 
change messages which contain seri¬ 
al numbers. Such exchanges are re¬ 
quired in the Sweepstakes, WAE, 
VK/ZL, and many other CW 
contests. 

After initial storing of desired con¬ 
test messages by the operator, Con- 
puter 1 automatically inserts the cor¬ 
rect serial number. This number is 
also displayed. Each time the mes¬ 
sage is initiated, the serial number 
automatically increases by one, and 
the complete message, with number, 
is sent without further attention from 
the operator. Numbers up to 9999 
can be accommodated. 

Con-puter 1 also contains a lead¬ 
ing-zero option which, when acti¬ 
vated, automatically places zeros in 
front of numbers less than 100. The 
memory and address locations are 


digitally displayed for loading conven 
ience. Computer 1's front panel has 
been kept simple for operating ease. 
It operates like a regular memory 
keyer when the serial number feature 
is not needed. Approximately two 
hundred characters may be stored in 
the four primary and four secondary 
message locations. The keyer has 
built-in sidetone and speaker. Either a 
regular or iambic key paddle may be 
used. Continuously adjustable keying 
speed is 5-60 WPM. Power require¬ 
ments are 120-volt ac, 60 Hz, or 12- 
volt dc. Memory contents may be 
protected against power loss by con¬ 
necting an external battery to termi¬ 
nals provided for that purpose on the 
rear panel. 

The heavy duty aluminum cabinet 
measures 30 x 9 x 25 cm (12 x 3 Vi 
x 10 inches). Price is $379 fully 
assembled, shipped prepaid and 
guaranteed. The operator's manual 
may be purchased separately. For in¬ 
formation, contact Con-puter 1, 3006 
Lockheed, Midland, Texas 79701. 


low-cost portable dmm 

The Model ME-521DX multimeter 
is a 3 Vi -digit battery-powered unit. It 
features a high-low ohm switch for all 
ranges, five function modes, auto¬ 
matic zero adjustment, automatic po¬ 
larity, and overload protection. 

Low current drain ensures long 



battery life and thousands of meas¬ 
urements without the need for bat 
tery replacement. This accurate and 
completely portable device has volt¬ 
age measurement capability to 1000 
Vdc and 600 Vac, a current measure 
ment range to 1000 mA (ac or dc), 
and a resistance measurement range 
to 20 megohms. Accuracy is typically 
0.5 per cent. 

For more information, contact 
Soar Electronics Corporation, 813 
Second Street, Ronkonkama, New 
York 11779. 

SD-1 sequential decoder 

A new product announced by 
Communications Specialists is the 
SD-1 Two-Tone Sequential Decoder. 



This microminiature product meas¬ 
uring just 3 x 4 x 2 cm (1.2 x 1.67 
x 0.65 inches) will fit all mobile units 
and most portables. 

It uses plug-in, field-replaceable, 
K-2 frequency determining elements 
available in all EIA tone frequencies 
from 268.5 Hz to 2109.0 Hz. 

Power requirements are 6 to 16 
Vdc unregulated at 10 mA. Reverse 
polarity and over-voltage protection 
are built-in. All connections to the 
board are made with push-on con¬ 
nectors, and color-coded wires are 
furnished. 

The SD-1 may be driven by the dis¬ 
criminator, audio stages, or from the 
speaker circuit. Switched outputs in¬ 
clude high-current closure to ground 
for a horn relay, a latched high- 
current closure for a call light, and a 
latched low-current, high voltage cir¬ 
cuit to unmute the receiver. 
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The unit is completely immune to 
rf, and comes complete with univer¬ 
sal mounting hardware. A full one- 
year warranty applies when the unit is 
returned to the factory for repair. 

Wired, tested, and complete with 
two K-2 elements, the SD 1 sells for 
$59.95. For additional information 
contact Communications Specialists, 
426 West Taft Avenue, Orange, 
California 92667. 

Bird 300-watt dry rf load 
resistor 

Bird Electronics has a new 300 
watt high power coaxial load resistor, 
which supplements their Bird Dry 
Loads group ranging from 2 to 600 
watts. The new model is designated 
no. 8173. It handles 300 watts contin¬ 
uous duty. Voltage standing-wave 
ratio is 1.1 maximum from dc to 1000 
MHz; 1.25 maximum from 1000 to 
2000 MHz. 

A data sheet on all Bird Terma- 
line‘ dry rf coax load resistors, includ¬ 
ing the new model 8173, is available 
from Bird Electronic Corporation, 
30303 Aurora Road, Cleveland, Ohio 
44139. 

TH5DX for 10-15-20 
meters 

Hy-Gain Electronics, division of 
Telex Communications, Inc., has in¬ 
troduced the newest member of its 
famous Thunderbird line of tri-band 
antennas. The TH5DX offers out¬ 
standing performance on 20, 15, and 
10 meters. It features five elements 
on a 6-meter (18-foot) boom, with 
three active elements on 15 and 20 
meters and four active elements on 
10 meters. The TH5DX also features 
separate air-dielectric Hy-Q traps for 
each band. This allows the TH5DX to 
be set for the maximum F/B ratio and 
the minimum beam width possible for 
a tri-band antenna of this size. Also 
standard on this antenna are Hy- 
boom-to-mast bracket and taper- 
swaged elements. Write Hy-Gain, 
8601 N.E. Highway 6, Lincoln, NB 
68505. 


450-MHz power 
amplifiers 

Telco Products Corporation an 
nounces a complete new ULTRA 
series of 450-MHz rf power amplifiers 
specifically designed for Amateur, 
police-, emergency-, business-band, 
and Class A CB radio applications up 
to 50 watts. The new ULTRA line 
uses the most advanced state-of-the- 
art technology: strip line construc¬ 
tion. 

Four new ULTRA uhf power-ampli 
fier models are American manufac¬ 
tured in full compliance with latest 
FCC specifications: 

ULTRA I 1 2W input, 15W output. 

Ideal for use with low 
power, hand-held trans¬ 
ceivers. 



ULTRA II 3-5W input, 25W output. 

Puts you a cut above the 
rest. 

ULTRA III 3-5W input. 50W output. 

The legal limit for Class-A 
CB radio. 

ULTRA IV 3-5W input, 100W output. 

The ULTRA-powered am¬ 
plifier for maximum out¬ 
put. 



Suggested retail prices for the 
ULTRA amplifiers are: ULTRA I 
$259.00; ULTRA II $289.00; ULTRA 
III $379.00; and ULTRA IV $499.00. 
The frequency range of these ampli¬ 
fiers is 400 512 MHz. Please specify 


your transmit frequency with your 
order. For additional information con¬ 
tact Telco Products Corporation. 44 
Sea Cliff Avenue. Glen Cove, New 
York 11542 or call (516) 759 0300. 

CDE antenna rotors 

Two new high-performance anten 
na rotor systems, the Ham IV™ and 
the CD-45, have been introduced by 
Cornell Dubilier Electric Corporation 
of Newark, New Jersey. 



1 ° ’ 


The new Ham IV is designed for 
large communication antenna arrays 
of up to 15.0 square feet wind load 
area, tower mounted. Highlights of 
the Ham IV include power braking, 
machined steel drive gears, dual 
transformer circuitry, and other de¬ 
sign features to make it the choice of 
serious communicators. 

The new CD-45 accommodates an¬ 
tenna arrays of up to 8.5 square feet 
wind load area tower mounted, and 
features a professionally styled con¬ 
trol unit, illuminated metered read¬ 
out, all-steel drive components and 
automatic disc braking. 

Both the Ham IV and the CD-45 
operate at safe, low voltage control 
levels, with reliable snap-action rota 
tional controls for accurate, trouble- 
free operation. For more information, 
write Leonard Sabal. Cornell-Dubilier 
Electric Corporation, subsidiary of 
Federal Pacific Electric Company, 150 
Avenue L, Newark, New Jersey 
07101. 
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You can't 
tell the players 

without a 
scorecard! 



Order today! 

NEW 1980 

RADIO AMATEUR CALLB00KS 
READY DECEMBER 1ST! 

The latest editions will be published soon' 
World tamous Radio Amateur Callbooks, the 
most respected and complete listing ol radio 
amateurs Lists calls, license classes, ad¬ 
dress information Loaded with special lea 
lures such as call changes, prefixes ol the 
world, standard time charts world wide DSL 
bureaus and more The new 1980 Callbooks 
will be available on December t. 1979 The 
U S Edition features over 400.000 listings, 
over 120.000 changes trom last year The 
Foreign Edition, over 315.000 listings, over 
90.000 changes Place your order now 



Each 

Shipping 

Total 

US Callbuok 

$16 9 b 

$1 75 

SIB 70 

foreign 

Caiibook 

Sib 9b 

Si rh 

$17 70 

Order noth books at Ihe same lime lor {34 65 includes 

shipping 





Order from your favorite electronics dealer or direct from me 
publisher All direct orders add St ?b tor shipping Illinois 
residents add 6% Sales fa* 


SPECIAL LIMITED OFFER! 

Amateur Radio 
Emblem Patch 
only S2.50 postpaid 


A*ATrUR HAWO 


Pegasus on blue field red lettering 3" wide x 
3" high Great on jackets and caps Sorry no 


call letters 


ORDER TODAY! 


RADIO AMATEUR 




calfboolc inc 

D«pt. FB t 
925 Sherwood Drive 
Lake Bluff. II 60044 


new tower from Tri-Ex 

Tri-Ex Tower Corporation intro¬ 
duces the Super 2-25. Flush joints, a 
new concept in tower engineering de 
sign, enables this tower to be a full 3 
meters (10 feet) high. Flush joints 
tend not to freeze into the next sec 
tion, making it easy to disassemble 
and reuse the tower. This flush joint 
is backed up by an inner joining 
sleeve, which adds strength and 
makes it easier and safer to add on 
tower sections. 

For further information contact 
Frank Cavallaro, Tri-Ex Tower Cor¬ 
poration, 7182 Rasmussen Avenue, 
Visalia, California 93277. Telephone: 
(209) 732-8383. 


test clip and 1C puller 

AP Products has a new test clip 
designated Super Grip II. It features a 
narrower noise clearance, which 
easily attaches to high-density 
boards. ICs with as little as 1 mm 
(0.04 inch) between opposing legs 
can be tested. 

A new "duck bill” contour has 
been added to the contact tips for 
more secure contact with DIP ICs. 
Combined with AP’s "contact comb” 
construction, the Super Grip II test 
clips provide positive, reliable, no¬ 
shorting connections every time. Off¬ 
set pin rows make it easier to attach 
test probes. "Button heads" on the 
pin ends prevent probes from sliding 
off once they're in place. 

Heavy duty springs apply firm con¬ 
tact pressure for testing — hefty grip 
when pulling ICs. Industrial-grade 
nylon forms the test-clip body, which 
is integrally molded around contact 
pins and the steel pivot pin in the 
hinge. 

AP Super Grip II test clips are avail¬ 
able in 8 , 14-, 16-, 18,20-, 22-, 24-, 
28-, 36-, and 40-pin configurations. 
For more information on Super Grip II 
test clips, contact your nearest AP 
distributor or sales representative. His 
name, address, and phone number 
can be obtained quickly through AP's 
toll free number: 800 321 9668. 


fm adapter for FT101 

Holdings of Blackburn (England), is 
offering a new fm adapter for the 
Yaesu FT101E and FT101F transceiv¬ 
ers. The unit is contained in a small 
box that fits nicely on top of the FT 
transceiver, similar to their "G3LLL 
RF Clipper," which has been popular 
for some time. 

The transmitter portion of the 
adapter has built-in clipping, filtering, 
and variable pre emphasis, which 
provides good audio quality and ef¬ 
fective communications through the 
clarifier circuit of the transceiver. 

Modified FT101 transceivers can be 
used on the IO meter fm channels, or 
they can be fitted with a transverter 
for use on the various vhf and uhf 
bands. Installation is simple, and 
complete instructions are included 
with the unit. 

The FT101 fm adapter can be ob¬ 
tained through the Fox-Tango Cor¬ 
poration, Box 15944, West Palm 
Beach, Florida 33406; or directly from 
Holdings of Blackburn Ltd., 39/41 
Mincing Lane. Blackburn. BB2 2AF 
England. 


modular towers for 
fixed-station or 
portable use 

A new line of towers is offered by 
Lunar Electronics of San Diego, Cali¬ 
fornia. Modular design makes these 
towers a natural for site surveys, field 
operation, and portable communica¬ 
tions of all types including Amateur 
Radio EME work. 

The towers are made of aluminum 
angle pieces, which bolt together to 
form a sturdy structure that can sup¬ 
port considerable antenna arrays. 
The basic tower package (model 
LT-1) consists of a quadrilateral base, 
rotor and thrust bearing mounting 
plates, and one modular tower sec¬ 
tion. The LT 1 yields a 3.4-meter-high 
(11 foot-high) structure when 
erected Add-on modular sections 
(model LT 2) are 1.8 meters (6 feet) 
long. These add-on modular sections 
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can increase tower height to nearly 9 
meters (30 feet). 

The tower can be readily mounted 
on flat or peaked roof tops. A length 
of 2 x 4 lumber placed under each leg 
pair provides a simple and effective 
mount. The 2 x4s help to distribute 
tower weight over several roof joists. 
The modular tower sections must be 
guyed. Optional stainless-steel hard¬ 
ware is available (S suffix). 

The tower is built from aluminum 
angle, so it forms its own ladder 
when properly erected and guyed. 
The base span is 109 cm square (43 
inches square); tower sections are 24 
cm square (9.5 inches square). 
Weight of base and lower tower sec¬ 
tion is about 25 kg (55 pounds). Each 
additional tower section weighs 
about 10 kg (22 pounds). Installation 
is an easy two-man job. 

Further information is available 
from Lunar Electronics, 2785 Kurtz 
St., Suite 10, San Diego, California 
92110, (714)299-9470. 

automatic 

microprocessor 

encoder 

A new, sophisticated, micropro¬ 
cessor-controlled encoder has been 
introduced by U.S. Communications 
Corporation of Kent, Washington, a 
major supplier of mobile telephone 
automation equipment. These MICRO- 
CODER units are completely keyboard 
programmable and offer lighted key¬ 
pad, ANI, positive disconnect, last- 
number recall, ten 15-digit number 
memory storage, call routing, and 
many other features and functions. 

The user can program and recall 
memory dial numbers at will, and a 
special electronic lock prevents un¬ 
authorized changing ANI or other 
functions once they are programmed. 
Model MT-141 is designed for DTMF 
dial encoding, with DTMF ANI. The 
MT 141 is self-contained and will in¬ 
terface with a standard dash-mount 
transceiver through the microphone 
jack. For applications, information, 
brochures, and pricing, contact U.S. 


Communications Corporation, 1819 
South Central, #46, Kent, 
Washington 98031. 

incaps 

A family of unique electronic parts 
that can reduce the cost and com¬ 
plexity of television sets, radios, and 
other electronics equipment was 
announced recently by the DEE Com¬ 
pany of Michigan. Incaps’ 
(/nductor-Capacitor) are single, low- 
cost components that replace the 
separate inductors and capacitors tra¬ 
ditionally used to build series- or par¬ 



allel-tuned resonant circuits that are 
the heart of many circuits. The use of 
Incaps can reduce the parts count in 
these basic circuits by up to 50 per 
cent. An article in the February, 1979, 
issue of QST discussed the develop¬ 
ment of I neons and how they may be 
used for various filtering require¬ 
ments. 

A brochure which describes the 
various styles of Incaps, and shows 
experimental RFI and TVI filters is 
available upon request from A. C. 
Doty, Jr., The DEE Company of 
Michigan, 8360 Rushton Road, South 
Lyon, Michigan 48178. 

'Incap is a trademark of The DEE Company of Michi 
gan, with registration pending. 


Barry Electronics 

. . . Your One Source 
For Amateur Radio Gear 


FEATURING THIS MONTH: 

YAESU - The New FT-207R 

Programmable Hand-Held 
and 

The Sensational FT-90I 
Series HF Transceivers 

ASTRON — 35-Watt Amplifiers 
In Stock! 

ROBOT — Amateur TV Gear 

DENTRON — Fantastic Clipperton L. 
Buy NOW - 

_ SPECIAL P RICE! 

SEE OUR NEW 
COLLINS UNIT 


FAMOUS BRAND NAMES 
- IN STOCK- 


AEA 
ALDA 
ANTENNA 
SPECIALISTS 
ATLAS 
B& W 
BIRD 

COMMUNICATIONS 

SPECIALISTS 


COLLINS 

CUSHCRAET 

DSI 

DENTRON 
DRAKE 
El MAC 
E-Z WAY 
HY-GAIN 
ICOM 


KDK 

KLM 

MFJ 

MIRAGE 

MOSLEY 

MURCH 

NEWTRONICS 

ROBOT 


ROHN 

SHURE 

STANDARD 

SWAN 

TEMPO 

TEN-TEC 

TRI-EX 

VHF 

ENGINEERING 


IVe also have: 

• ANTENNAS FOR HF & UHF 

• ROTORS 

• TOWERS 

• REPEATERS 

• MICROPHONES 

• KEYS & KEYERS 

• TUBES and much, more 


Yes. we have 
EIMAC Tubes 
& Chimneys, 
and YAESU 
Replacement 
Tubes in slock’ 
Repair lab 
on premises. 


JUST CALL OR 
WRITE FOR WF 
BARRY PRICE; 
BETTER STILL... 
STOP IN!! 

■ AQUiSE I 
1 HABLA I 
IESPANOL a 


(212)925-7000 


BARRY 

ELECTRONICS 

512 BROADWAY 
NEW YORK. N Y. 10012 


More Details? CHECK-OFF Page 118 
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fet probe 
application note 

What does the oscilloscope user 
gain in return for the added expense 
of an fet probe; what are its advan¬ 
tages and limitations? 

A new application note, "FET 
Probes: The Next Step in Quality 
Signal Measurements (AX-3580)" 
by Ron Lang, recently issued by Tek¬ 
tronix, Inc., answers these and many 
other often-asked questions from 


cavity filter 


oscilloscope users. Also presented 
are graphs, schematic diagrams, and 
simple equations dealing with probe 
response to various types of signals 
and signal sources. It's a valuable 
teaching aid for vocational schools 
and industrial training courses, as 
well as being an informative guide. 

This free application note may be 
obtained by writing Julie Schmit, 
Delivery Station 76-260, Tektronix, 
Inc., Post Office Box 500, Beaverton, 
Oregon 97077. 


QUALITY AMATEUR RADIO 
EQUIPMENT & ACCESSORIES 


KENWOOD 


Wacom Products, Inc., a manufac¬ 
turer of duplexers and coaxial cavity 
filters for the two way radio industry, 
has announced that a patent has 
been issued by the U.S. Patent Office 
on an rf filter network, which the 
company calls the BpBr Circuit™. In¬ 
ventor of the filter network is Lloyd C. 
Alcorn, Jr., the company's manager 
of engineering. Application for the 
patent has been pending for over two 
years and was granted on March 21, 
1978, under U.S. Patent 4,080,601. 

The BpBr Circuit™ consists of a 
passive reactance network connected 
in series with single coupling loop on 
the coaxial cavity filter. The filter pro¬ 
vides frequency response curves with 
bandpass cavity characteristics at the 
pass frequency and a notch above 
and below the resonant frequency. 
The notch is considerably deeper and 
wider than that of the conventional 
notch filter. Notch frequency is ad¬ 
justed by varying the length of the ad¬ 
justable stub on the filter. 

The BpBr Circuit™ filters and du¬ 
plexers provide impressive perform¬ 
ance characteristics and are largely 
responsible for Wacom's fast growth 
over the past few years. The products 
are being used extensively by the 
commercial If nd mobile industry, fed- 


TS 820 S 

HF TRANSCEIVER 


TC fiflfl 

MULTIMODE 6 M 
TRANSCEIVER 

call or write for the KLA US price 

YAESU 


TS 520 S 

HF TRANSCEIVER 


FT 227 R 

2 METER FM TRANSCEIVER 


FT-901 D 

HF TRANSCEIVER 


call or write for the KLAUS price 
CUSHCRAFT 


We have a complete stock of Cushcraft antennas — too many to 
mention in detail, so ask about our 2-meter line of verticals and 
beams for special low, low prices. 


8400 N. Pioneer Parkway, Peoria, IL 61614 
Phone 309-691-4840 

Tim Daily, Amateur Equipment Sales Manager 











eral and state governmental agen¬ 
cies, Amateur Radio groups, and the 
foreign market. 

In addition to a complete line of 
bandpass and band-reject filters and 
duplexers, Wacom offers a wide vari 
ety of filters and duplexers with the 
BpBr Circuit™. Models are available 
for operation in the various frequency 
bands between 40 900 MHz. Informa¬ 
tion on these products can be ob 
tained by contacting Wacom Prod 
ucts, Inc., P.O. Box 7307, Waco, 
Texas 76710. Telephone (8171 
776 4444. 

Multicore emergency 
solder melts with a 
match 

Multicore Solders, of Westbury, 
New York, has introduced a new, 
handy, tape-like solder-strip for quick 
on-the-spot soldering repairs. Called 
Emergency Solder, it can be easily 
carried in a shirt pocket or stored 
flat. It requires only the heat of an 
ordinary match or candle flame to 
melt the solder. 



Multiple cores of rosin flux are in¬ 
corporated into the flat strips during 
the manufacturing process, eliminat¬ 
ing any requirement for a separate 
fluxing application. The flux is non- 
corrosive and nonconductive, and 
need not be removed after soldering. 

To solder two wires, simply twist 
the wires together, wrap the solder 
strip lightly around them, and apply 


the flame from a match. Move the 
flame slowly back and forth until the 
solder flows into the splice. For larger 
wires, wrap two layers around the 
splice and use a candle to apply the 
flame for sustained heat. Insulating 
tape or sleeving should be used after 
soldering electrical wires. 

To solder sheet metal, the solder 
should be placed either between or 
on the metal parts to be connected. 
Hold the parts together while apply¬ 
ing heat from a candle flame or sol¬ 


dering iron, and then let the joint 
cool. Multicore Emergency Solder is 
suitable for any easily solderable met¬ 
al. It is not suitable for aluminum. 

Emergency solder is furnished in 
an attractive two-color display pack¬ 
age with 90 cm (36 inches) of the sol¬ 
der strip. Complete illustrated di¬ 
rections for use are included on the 
inside of each package. See your 
local Multicore Solders dealer, or 
write them at Westbury, New York 
11590. 



Now from 
J.W. Miller 

Baca DAIWA 

CORPORATION 

Communications 

Essentials 


CS-201 


Coaxial Switches 
2 Position/Model CS-201 
4 Position/Model CS-401 

Professionally engineered cavity 
construction 

Power Rating 2.5 kW PEP. 1 kW CW 
Impedance 50 Ohms 
Insertion Loss: Less than .2 dB 
VSWR 112 

Maximum Frequency 500 MHz 


CS-401 


Isolation Better than 50 dB at 300 MHz. 
better than 45 dB at 450 MHz. 
adjacent terminal 
Unused terminals grounded 
Connectors SO-239 


Exclusive USA agent for these units; 
inquiries invited. 


Write lor literature 

S J.W. Miller Division 

BELL INDUSTRIES 


m 19070 REYES AVE BPO BOX 5825 
SI COMPTON CALIFORNIA 90224 
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SST dummy load 

The SST DL-1 is a unique non-cor¬ 
rosive chemical dummy load which 
has been developed and tested by 
K4RLJ for twelve years. There is no 
other dummy load like it. Unlike 
messy oil-filled dummy loads, the 
DL-1 will not leak. It is sealed and 
ready to use. 



The SST DL-1 is rated at 1000 
watts PEP for 15 seconds. High-input 
to small-size ratio makes it ideal for 
base station, portable, mobile, and 
work bench operation by hams and 
commercial users. Accurate readings 
will result when used with SWR and 
power meters. Its SWR is less than 
1.5:1 from 1 to 225 MHz. The DL-1 is 
priced at $17.95, and is available from 
your SST dealer or direct from SST 
Electronics, P.O. Box 1, Lawndale, 
California 90260. 

Hamtronics R75 vhf fm 
receiver kits 

The model R75 receiver kit is the 
fourth-generation receiver by Ham¬ 
tronics. It incorporates all the pre¬ 
vious design features plus some new 
ones. Chief feature of the R75 is a 
wide range of selectivity options. 
Four models, with different crystal fil¬ 
ters, provide optimum selectivity for 
each type of service, ranging from 
± 30 kHz at - 60 dB for weather-sat¬ 


ellite reception to ± 15 kHz at - 100 
dB for split-channel repeater service. 

The 102 x 109 mm 14 x 4!4 inch) 
receiver consists of two PC boards. 
Kits are available for the 10-, 6-, 2-, 
and 1.25-meter ham bands. The kits 
can also be used on adjacent com¬ 
mercial and weather satellite frequen¬ 
cies. Prices of the R75 receiver kit 
range from $69.95 to $99.95 depend¬ 
ing on crystal-filter option. 

For more information, including a 
catalog on the complete line of Ham¬ 
tronics kits, call 716-392-9430 or write 
Hamtronics, Inc., 65F Moul Road, 
Hilton, New York 14468. (For over¬ 
seas air mail delivery or catalog, 
please send four IRCs.) 

CDE antenna rotor 
brochure 

Cornell-Dubilier Electric Corpora¬ 
tion has released a new eight page 
color brochure presenting their com¬ 
plete line of antenna rotor systems. 
Each of the six rotor systems is illus¬ 
trated and described. They include 
the Tailtwister,™ designed for king- 
sized antenna arrays of up to 30 
square feet wind load area; the new 
Ham IV, ™ the latest version of the 
world-famous Ham Series; the new 
CD 45, incorporating professional 
features at a popular price; the Big 
Talk,™ with 1C control that lets you 
preprogram locations most commonly 
used; the AR-40, a deluxe unit with 
solid-state accuracy and silent opera 
tion; and the AR22XL, a popular- 
priced system with automatic con¬ 
trol. 

Included in the CDE Antenna Rotor 
Systems brochure is a breakaway 
photograph of the time-tested Bell 
Rotor, which illustrates the rugged¬ 
ness and quality construction that 
has made CDE world famous. A com 
plete specification chart is also in¬ 
cluded covering all six models. 

For additional information, contact 
Leonard Sabal, Cornell-Dubilier Elec¬ 
tric Corporation, subsidiary <Jf Federal 
Pacific Electric Company, 150 Ave¬ 
nue L, Newark, New Jersey 07101, 
telephone (2011589 7500. 


r 1980 

Radio 
Amateur 
CaUbook 

Don’! be one of those who wails 
until the year is half over to buy a 
new calJbook. Invest in a callbook 
today and get a full year’s use out 
of your purchase. Crammed full of 
the latest addresses and QSl. infor¬ 
mation. 

You'll find: 

Boldface calls, names and addresses 
for every licensed Amateur in the U.S. 

□CB-US Soft bound S 16.95 

The 
Foreign 
Callbook 

DXing is a real joy, but it’s even 
better when you get back QSI. 
cards from the countries you’ve 
worked. The most important tool in 
getting those cards is to have a 
copy of the 1980 Foreign Callbook 
on your operating table. Stations 
are listed by country, call, name 
and address in bold, casy-to-rcad 
type. 

i 1CB-F Softbound $15.95 




HAM RADIO'S 

BOOKSTORE 

GREENVILLE, N. H. 


(800) 258-5353 
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ANTECK, Inc. 

Phone (208) 423-4100 
BOX 415- ROUTE 1 
HANSEN. IDAHO 83334 

Looking for the Perfect 
Christmas Gift? 

THE MODEL MT 1 MOBILE ANTENNA. TUNES 3.2 
to 30 MHz INCLUSIVE. 750 WATTS P.E.P. FOR 
HAM BANDS. C A P. MILITARY. MARS. AND 
CB CENTER LOADED FOR HIGH EFFICIEN¬ 
CY. ENABLES EXACT RESONANCE TO 
WANTED FREQUENCY. ALLOWS FULL 
OUTPUT FROM NEW SOLID STATE 
TRANSCEIVER FINALS. NO WORRY I 

ABOUT REDUCED OUTPUT FROM 
SHUT DOWN CIRCUITS. ATTRAC- J 

TIVE BLUE AND GRAY FINISH, 

STURDY. SOLID CONSTRUC- ■ ^ 

TION. UNAFFECTED BY MOIS¬ 
TURE AND THE ELEMENTS ■ 90 I 

TUNED FROM THE BASE TO ■ NO T 

ELIMINATE BEND OVER OR TRAIN 

REMOVAL FROM ANTEN- 

■ LESS TI¬ 
NA MOUNT FOR FRE- ANY F r 

QUENCY CHANGE. j 3.2 MHz 

Maximum lem 

PROVEN PERFORM- // Minimum lenc 

ANCE WITH TR-7. // Patents applie 

TS-180, TS-120 AND j Not an impon, i 

ICOM 701. AND ALL j Dealer ln< 

POPULAR SOLID // Effective Ji 

STATE FINAL RIGS // I- 



Features: 


STAINLESS STEEL WHIP 


FIBERGLASS LOADING COIL 


BASE TUNED 


LOGGING SCALE 


■ RESETTABLE TO EXACT FREQUENCY 

■ POSITIVE TUNING LOCK 

■ HEAT TREATED BERYLLIUM COPPER 
CONTACTS 

■ NO COILS TO CHANGE 

■ CORRELATION CHART FROM LOGGING 
SCALE TO FREQUENCY FURNISHED 

■ MODULAR CONSTRUCTION FOR EASY 
ROAD HAZARD REPAIR AND SERVICE ' 

I 90 DAY WARRANTY - FACTORY SERVICE 

NO TUNERS OR IMPEDANCE 
TRANSFORMERS REQUIRED: 50 OHMS INPUT 


■ LESS THAN 1.5 TO 1 VSWR- 

ANY FREQUENCY WITHIN THE TUNING RANGE. 

3.2 MHz TO 30 MHz INCLUSIVE 
Maximum length — 116 inches — at 3.2 MHz 
Minimum length — 92.5 inches — at 30 MHz: 

3/8-24 Base Mount (Standard) 

Patents applied for. 

Not an import, manufactured entirely in the tJ.S.A. 

Dealer Inquiries Invited PRICE - $119.95 

Effective Jan. 1. 1980 price increases to $129.95 — order now! 


Contact your local dealer or order below 


Address 


Parcel Post or UPS Shipping . 
Idaho Residents Add 3% Sales Tax . 

Total Enclosed . 


Continental Limit* 


Master Charge or VISA 
Bank No _ 


More Details? CHECK OFF Page 118 


. Expiration Date_ 
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Not because we say so. but because they say so. . . 
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‘The ‘New Yorker 9 
of audio magazines 


99 

—ESS, Input, Sacramento, CA 


Audio Amateur is a magazine that continues a great 
American tradition—a tradition that loves tinkering 
and experimentation and embraces rather than 
eschews technology. Readers of this magazine, I 
suspect, don't simply discuss the latest heavily 
advertised "quantum leap" forward. TAA 
subscribers are impressed more by an interesting 
project they can build from scratch. They love to ex¬ 
tract, by modification, the greatest possible perfec¬ 
tion from classic and recently introduced audio pro¬ 
ducts. 

Like the New Yorker, the Audio Amateur 

publishes articles that are measured and 
thoughtful, articles that are beyond superlatives by 
the bushel basket found in most of the mass cir¬ 
culated audio magazines. The reasoned tone results 
in part from the considerable contributions made by 
English writers, including the late B.J. Webb. Ed¬ 
ward T. Dell, Jr., the editor, almost always includes a 
thoughtful editorial that, alone, is worth the cost of 
admission. Unlike some of the little audiophile 
magazines, TAA is generally beyond clannish 
allegiance to a few manufacturers. Articles on pro¬ 
jects to construct and modify appeal to the fondness 
of its readers for a wide range of projects. 

Audio Amateur has served up a smorgasbord of 
projects over its ten year existence. How to properly 
adapt a Grace arm to an AR turntable, build a record 
cabinet, modify a Formula-4 tonearm to improve low 
frequency reproduction, or build a 10 dollar three- 
element Yagi antenna have all been offered as ap¬ 
petizers, projects that require some familiarity with 
tools and a few nights of your time. The main course 
offerings demand various degrees of more 
sophisticated electronic skill. If you've only assem¬ 
bled a one tube radio (twenty years ago), many of 
the electronic projects are going to be more than 
you can chew. Numerous past articles have shown 
how to improve classic Dynaco products. Recently. 
Nelson Pass of the Threshold Corp. discussed how to 
build a 40 watt per channel class A amplifier. Elec¬ 
tronic articles typically assume an ability to find the 


parts necessary to build the projects. Chances are 
you'll spend some time searching through parts 
catalogs and local surplus houses before you can 
begin to wade into the actual construction. 

Sophisticated articles that examine specific audio 
problems but do not involve building projects also 
abound. Walt Jung, contributing editor, has discuss¬ 
ed slewing induced distortion in amplifiers in a series 
of articles. How we actually perceive sound and how 
many speakers may be necessary to recreate the 
closest possible approximation of the live event has 
also been discussed. 

If speaker building is your forte, past articles have 
dealt with horn loaded and transmission line 
designs. Instructions on how to build electrostatic 
transducers from scratch, and box fabrication for 
sub-woofers with an accompanying active crossover 
have also been features. It's a measure of TAA con¬ 
tributor ingenuity that a complex driver like the Heil 
air-motion transformer has been built by an 
amateur — complete instructions on how to build a 
home version of the large Heil appeared in the 
magazine in 1977. 

An excellent analysis of recently introduced audio 
kits is a regular feature. Kit reviews are technically 
very thorough and are often more objective than 
you find elsewhere. A regular feature. "Audio Aids," 
offers all kinds of informative hints from readers. A 
letter section from readers comments on past ar¬ 
ticles and present concerns and lends a thoughtful 
and inquiring tone to the magazine. Adver¬ 
tisements, themselves, are often helpful to the 
reader since many of the ads list parts that are vital 
for project construction. Most of the better kit 
manufacturers also advertise in Audio Amateur. 

If you are already an audio craftsman, or would 
like to become one, Audio Amateur is an excellent 
touchstone. For less than the price of a good meal 
and a movie ticket, you can receive four issues a 
year. —George Hortin, Staff Writer 

INPUT, published by ESS. Inc. 

9613 Oates Avenue 
Sacramento CA 95827 


.- .. 

Send coupon to: Th« AUDIO AMATEUR Magazine, PO Box 176, Dept. H”, Peterborough NH 03458 

□ Send me one year (four issues) at $12. (add $2 outside USA.) 

Charge card subscribers: Include all numbers & your signature. 

□ Here’s my $3.50 for my sample issue, which I can apply toward a subscription later. 

□ Tell me more about The Audio Amateur. 

NAME ___ 

Streets, No. ____- 

Tow n __ State_ZIP_ 


THE AUDIO AMATEUR is the only U.S. publication I 
know of devoted exclusively to the home builder and 
experimenter in audio. The major distinction ot this 
magazine is that it is written by doers. Thus its pages 
contain useful information, not just another collection 
ot mystic reviews. Its information content on con¬ 
struction projects, sources ot parts, and basic audio 
and electroacoustic theory make It one ot the outstan¬ 
ding values for the amateur. 

W. MARSHALL LEACH, Jr., 

Dept of Electrical Engineering, 

Georgia Institute ot Technology, Atlanta 
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Yesterday you could admire all-band 
digital tuning in a short wave receiver* 

Today you can afford it. 



its. .ar 

o* 


~o 


Tune in the Panasonic Command Series™ 
top-of-the-line RF-4900. Everything you want in 
short wave at a surprisingly affordable price. 

Like fluorescent all-band readout with a five-digit 
frequency display. It’s so 
accurate (within 1 kHz, to 
be exact), you can tune in 
a station even before it's 
broadcasting. And with the 
RF-4900's eight short wave 
bands, you can choose any 
broadcast between 1.6 and 
31 MHz. That’s all short wave 
bands. That's Panasonic. 

And what you see on the 
outside is just a small part of what Panasonic gives 
you inside. There's a double superheterodyne 
system for sharp reception stability and selectivity 
as well as image rejection. An input-tuned RF 
amplifier with a 3-ganged variable tuning capacitor 
for excellent sensitivity and frequency linearity. 
Ladder-type ceramic filters to reduce frequency 
interference. And even an antenna trimmer that 
changes the front-end capacitance for reception 
of weak broadcast signals. 

To help you control all that sophisticated 
circuitry, Panasonic's RF-4900 gives you all these 
sophisticated controls. Like an all-gear-drive 


tuning control to prevent "backlash." Separate 
wide/narrow bandwidth selectors for crisp reception 
even in crowded conditions. Adjustable calibration 
for easy tuning to exact frequencies. A BFO pitch 
control. RF-gain control for 
improved reception in strong 
signal areas. An ANL switch. 
Even separate bass and treble 
controls. 

And if all that short wave isn't 
enough.There's more. Like SSB 
(single sideband) amateur radio. 
All 40 CB channels. Ship to shore 
Even Morse communications. 
AC/DC operation. And with 
Panasonic's 4" full-range speaker, the big sound of 
AM and FM will really sound big.There's also the 
Panasonic RF-2900. It has most of the features of 
the RF-4900, but it costs a lot less. 

The Command Series from Panasonic. If you had 
short wave receivers as good. You wouldn't still be 
reading. You’d be listening. 

■Short wav* r*c*pbon win vary with antenna, waathar condition!, 
operator's geographic location and other factors. An outside 
antenna may be required for maximum short wave reception. 

Panasonic. 

just slightly ahead of our time. 
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CRYSTAL 

FILTERS 
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FOX-TANGO COPP. 

Box 15944H, West Palm Boach, FL 33406 


TEST EQUIPMENT 

All equipment listed is operational and 

unconditionally uu*vanf«*od Money pack it not 
satislicd Prices listed are FOB Monroe 

Boonton 190A Q mtr ?0 ?60MH/ 

Q 5 I ?O0 395 

GR1001A Stand s.qgrn 5KHJ 

50MHJ cal.b dlln 2S5 

H P170A. USMI40) JOmH/scope with 

reg hor.z, dual trace vert plugs 475 

TekS45 Dual beam lOmHz scope 

lessplug ins (3series) 6J5 

UR/VU>S Stand Sig Gen 10kHz 50MHz 
calibaltn 375 

We.nschel 70 Free RF altn DC 
IgHz O 60db, Idb slops 4w 395 

LICK ouldrtlt‘0 Write sp.?c ilyimi tesl 
equipment needs Quick response assured 

GRAY Electronics 

P O Box 941. Monroe. Mich 48161 

Spvoali/mu in used test equipment 


DERLERS UIRIITED 


g TOWERS 

by AlUMA 

HIGHEST QUALITY 

60fl Alwmlnum ALUMINUM 

Dtnk-Uy rjrpi 

Model T BOH « STEEL 


40 Steel 
Crenk Up 
Model SHO 40 


★ TELESCOPING iCrank up) 

★ GUYED (stack-up) 

★ TILT-OVER MODELS 
Easy lo install. Low Prices. 

Crank-ups to 100 ft. 


EXCELLENT FOR 
HAM COMMUNICATIONS 


special 

Four Section SO FI. 
Van Mounted Crank-Up 
Aluma Tower 


ALUMA TOWER CO. 

Bo# 20 O 6 MR 

VERO BEACH. FLA 12940 
PHONE (105) 567-3421 
TELEX 4Q-34Q5 


Five* new 
finger talkers 


from CURTIS 

» EK 480: C MOS Deluxe Keyer 1134 95 

* EK 480M Above plus speedmeter 14995 

* 1480: InsIructoMale 124.95 

» M 480: MemoryMale 124 95 

* IM 480: Inslruclo MemoryMate 179.95 

8044: Keyer-On-A ChipiHepiKee80431 14.95 

*pt 15 HR Fee 76 OST Radio Hdbk 15 RRRl Hdbfc 77 79 

8044 3:1C. PCB. Socket. Manual 24 95 

8044-4: Semi Kil 54.95 

8045: Morse Keyboard On-A-Chlp 1C 59.95 

8045 1:1C. PCB. FIFO. Sockels. Manual 89 95 

8045 2: Semi Kil 159.95 

8046 Instructokeyer-On A-Chip 1C 49 95 

80461: Semi Kil 79.95 

6047 Message Memory On-A-Chlp 1C 39 95 

8047 1:1C. PCB. RAM. Sockets. Manual 69.95 

lidd SI 75 lo kit price* lor poiligi and kindl.ngl 

IK-440A. Inslructokeyer |Mar 76 0ST| 224.95 


Curlis Electro Devices. Inc. 

Dept H 14151 494 7723 

Bo. 4000 MNitleifl view C« 94040 




1980 

HANDBOOK 

BRAND NEW! STEP INTO 
THE 80'S WITH THE 
LATEST HANDBOOK FROM 
THE EDITORS A T ARRl. 


0 

NEW FOR 
1980 


Full of exciting new features for the 
80’s, NOW is Ihe lime lo order 
your copy of the 1980 ARK1 
"RADIO AMATEUR’S HAND¬ 
BOOK." Internationally recognized 
and universally consulted, every 
Amateur should have the latesi edi¬ 
tion. The new HANDBOOK covers 
virtually all of the state-of-the-art 
developments in electronics theory 
and design. Novices will find it to 
be an indispensable study guide, 
while the more advanced Amateur 
will enjoy building the many new 
projects. 

Order AR-HB80 Available 

Sixflbound $10.00 November 1979 

Order AR-BB80 Available 

Hardbound $15.75 January 1980 

HAM RADIO'S 
BOOKSTORE 

GREENVILLE, N. H. 
(8(X)) 258-5353 J 
























CoaxProbe* 


Coaxial RF Probe for Frequency Counters and 
Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 





$ 9.95 


plus 1.00 postage 

FINALLY! A RF PROBE that lets you con¬ 
nect into your coax cable for frequency 
measurements and modulation waveform 
checks directly from the transmitter. 

JUST CONNECT THE CoaxProbe* into 
your transmission line and plug the output 
into the frequency counter or oscilloscope 
Insertion loss is less than .2db so you can 
leave it in while you operate. 

A NECESSITY IN ANY WELL-ORGAN¬ 
IZED HAM SHACK, the CoaxProbe* 
eliminates "jerry-rigging" and hassles 
when tapping into the coax line is desired 
A SPECIAL METHOD OF SAMPLING 
keeps output relatively constant with a 
wide variation of power. Power output of 8 
watts gives 31 v out. while 800 watts will 
give 1,8v out. (rms 3-30 mhz.) 2000 watts 
PEP rating too' 

Call 1 -616-375-7469 lor COO ana Bank card orders 
(no collect calls, please) 

'Trademark of Eagle Electronics 


Comm Audio Processor 

NEW - S*op«d Vo.ce filrae An*.-PKawc NoJea 
•AM »© linoweal o*»t Ion*-fog • Filtar 

• ■OCHURI* IIOCHUm MD taUO 

Hildreth Engineering 

P.O. Box 60003 Sunnyvale. CA 94080 


MILITARY 

SURPLUS WANTED 

Space buys more and pays more High¬ 
est prices ever on U S Military sur¬ 
plus especially on Collins equipment 
or parts We pay treignt Cal' collect 
now 'or our high otter 201 440-8787 
SPACE ELECTRONICS CO 
(jiv Ol Military Electronics Corp 
35 Ruta Court S Hackensack. N J 07606 


SYNTHESIZERS 


We have the worlds largest selec¬ 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 1/3 page 
ad in the April 1976 issue of this 
magazine or call or write for addi¬ 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 

196-23 JAMAICA AVENUE 
HOLLIS, N. Y. 11423 


USE IT ON 2 METER RIGS TO ADJUST 
FREQUENCY. The CoaxProbe* has a range 
of 1.8 to 150 mhz. 

MONITOR YOUR MODULATION 
WAVEFORM. With an oscilloscope ot pro¬ 
per bandwidth, you can check your 
modulation for flat-topping, etc Ideal for 
adjusting the speech processor. 

NOW YOU CAN MONITOR SIGNALS 
when connected to the dummy load, 
eliminating unnecessary on-the-air radia¬ 
tion. 

AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try it for 10 days. If not 
satisfied, send it back for refund (minus 
shipping charges). 

Order today from: 

Eagle Electronics 

Box 426 B, Portage, Ml 49081 
Michigan Res. Add 4% Sales Tax 


NEW-NEW-NEW 


TOUCH-TONE® MICROPHONE 
DATA CODER 5 


ran 


s 39 00 

JUST LOOK AT THESE FEATURES: 

• Tough "Mobile Environment" 
Microphone 

• Positive-Action Tactile Keys 

• High-Impedance Ceramic or 500 ohm 
Dynamic Cartridge 

• Ad)ustable Tone Balance and Output 
Level 

• "Positive Hold - Easy Lift" Hanger 

• For Vehicle or Hand held Portable 
Use 

• Complete. Not a Kit $39.00 

-touch- tone is a legtsleied tiaite name ol AT&T 




DATA SIGNAL, INC. 

2403 COMMERCE LANE 
ALBANY. GEORGIA 31707 
Tel 912-883-4703 


See Radiokit 
for all your 
radio parts needs: 


□ Air-wound coils 

□ Amphenol coaxial 
connectors 

□ B & W coil stock 

□ Ceramic feedthroughs 
and standoffs 

□ Chassis and enclosures 

□ Coaxial switches & 
relays 

□ Eimac sockets and 
accessories 

□ Ferrite beads 

□ Filament chokes 

□ High-voltage connectors 

□ Jackson dials and 
reduction drives 

□ J W Miller coils and 
forms 

□ Knobs of all varieties 

□ Linear amplifier parts 

□ Lowpass filters 

□ Mica padder capacitors 

□ Millen components 

□ Pi network capacitors 
and inductors 

□ Pot cores 

U RF chokes 

□ RF switches 

□ Roller inductors 

□ Rotary counter dials 
Shaft couplers of all 
kinds 

□ Toroids 

D Transistors and ICs 

□ Transmatch parts 

□ Variable capacitors 

□ Wire and cable 


KITS: WARC Receiver and 
Transmilfer {1979 ARRL 
HANDBOOK), RF Noise 
Bridge {Ham Radio, February 
77). W1 JR Broadband Baiun 
{Ham Radio, September 78), 
Memory Accu-Keyer {Ham 
Radio, April 79), Split-Band 
Speech Processor (Ham 
Radio, September 79). 250- 
MHz Frequency Counter, and 
many others 


Free Catalog 

write or call (603) 465-7660 

RADKXMT 

BOX 429-H, HOLLIS, NH 03049 
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Field Day is ready to go 

The best code / radioteletype reader and speed-display package available! 



$44995 ^ 

Plus shipping 

we ve designed a special Field Day, model B, that is 
in stock and ready to ship. Right now Some of the 
parts designed into the original Field Day iust 
couldn t meet your ordering demand 
The Field Day-B has a special, high-reliability, 8 
character display that costs us about S40 more than 
the original displays! But we ve still held the original 
price we ve added a tuning eye to make tuning 
easier and faster. Slow-arrival parts have been 
designed out, and an improved demodulator circuit 
has been designed in. 

But the best part is they re ready to go now. Get urn 
while they re hot 


Alabama - Long s California Electronics Emporium, 
Fontana Colorado - h-e-p Enterprises Delaware 
Amateur & Advanced Communications; Florida 
Amateur Electronic supply. Amateur Radio Center. 

N S G Distributors. Ray $ Amateur Radio Georgia ZZZ 
Idaho - Ross Distributing. Illinois Spectromcs; 

Indiana Ham Shack; Kansas Associated Radio; 
Kentucky Cohoon Massachusetts Tufts; 

Michigan Omar; Minneapolis pal Missouri 
Burstein-Applebee, MldCom; North Carolina • Bob s 
Amateur Center Nebraska Heinrich s communication; 
New Hampshire Metz Communication New York 
Amerisil Overseas, Barry. Communications Technology, 
Ham Shack, Hirsch, Kelper, Radio world; Ohio • 

Queen city. Oklahoma Brodie south Dakota 
Burghardt Texas Kennedy Associates, Madison, Tracy; 
Virginia Tuned Circuit; Washington Northwest 
Radio; Wisconsin Amateur Electronic Supply, 

Ontario Metro Ham Shack; west Germany 
Richter & Company 


KKantronics 

A commitment to excellence. 

1202 E. 23rd Street (913) 842-774 c 
Lawrence, Kansas 66044 
Visa, Master Charge accepted 


SCANNERS 

KDK2015RKDK 2016A 
MIDLAND 13-510 13-513 CLEGG FM-28 
YAESU FT227R ICOM IC22S KENWOOD TR7400A 

• AED continual lo expand iti line ol quality scanners Each ol tha above 
scanners are custom designed lor their respective rigs 

• All scanners install completely inside rig No obtrusive external connections 

• Allareessy toassemble and come complete with detailed instruction manual 

• Scanned frequency displayed on digital readout (except ICZ2S) 

• In the scanner OFF mode the rig operates normally In the scanner ON mode 
the scanner locks on an occupied Irequency. pauses lor a preset time (about 5 
sacs | and then resumes scanning 

• This gives you the ability to eavesdrop all over Ihe band without tilting a 
linger When you hear something interesting, you llip the switch to the LOCK 
mode and the rig is ready to transmit 
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ANTENNAS 

Model OJA-146 

TWO METER AMATEUR BAND 146 148MHz 

• NO GROUND PLANE REQUIRED 

• USE FIXED MOBILE OR PORTABLE 

• SdB GAIN OVER ISOTROPIC IN MOST MOBILE 
APPLICATIONS 

• overall length less Than m inches 

• COLLAPSIBLE TO 22 INCHES MAY BE PACKED IN SUIT 
CASE FOR THOSE OUT OF TOWN TRIPS 

• STEEL WHIP AND AOAPTER INCLUDED FOR MOBILE ANO 
FIXED APPLICATIONS 

• VSWR LESS THAN I 2 t 

PRICE $39.95 UPS Prepaid 
220 MHz — $37.95 450 MHz — $37.95 
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Low Cost... High Performance 



Low cost, high performance, that s the DM-700. Unlike some ot the 
hobby grade OMMs available, the DM-700 otters professional quality 
performance and appearance at a hobbyist price It features 26 
different ranges and 5 functions, all arranged in a convenient, easy to 
use format Measurements are displayed on a large 3'4 digit. '/> Inch 
high LED display, with automatic decimal placement, automatic 
polarity, and overrange indication You can depend upon the 
DM-700, state-of-the-art components such as a precision laser 
trimmed resistor array, semiconductor band gap reference, and 
reliable LSI circuitry Insure lab quality performance for years to 
come Basic DC volts and ohms accuracy Is 0 1%. and you can 
measure voltage all the way from 100 ;iv to 1000 volts, current from 
0 1 ,.a to 2 0 amps and resistance from 0 t ohms to 20 megohms 
Overload protection Is Inherent In the design ot the DM-700. t250 
volts, AC or DC on all ranges making it virtually goof proof Power is 
supplied by four C' size cells, making the DM-700 portable, and. as 
options a mead battery pack and AC adapter are available The 
DM-700 features a handsome /el black, rugged ABS case with 
convenient retractable tilt bail All factory wired units are covered by 
a one year limited warranty and kits have a 90 day parts warranty 
Order a DM-700. examine it for todays, and if you're not satisifed 
in every way. return It in original form for a prompt refund 


Specifications 

DC and AC volts 
OC and AC currenf 
Resistance 
Input protection 

Input impedance 

Display 

Accuracy 

Power 

Size 

Weight 


tOO mV to 1000 Volts. 5 ranges 

0 1 |.A to 2 0 Amps. 5 ranges 

0 1!! to 20 megohms 6 ranges 

1250 volts AC DC all ranges fuse protected 

tor overcurrent 

10 megohms DC AC volts 

3Vi digits 0 5 inch LED 

0 1 % basic DC volts 

4 C cells, optional mead pack, or AC adapter 
6 "W x 3' H x 6 '0 
2 lbs with batteries 


Prices 

DM 700 wired + tested $99 95 

DM 700 kit form 79 95 

AC adapter/charger 4 95 

Nicad pack witn AC adapter/charger 19 95 

Probe kit 3 95 


TERMSi Satisfaction guaranteed or 
money refunded. COO. add St 50 Min¬ 
imum order >6 00. Orders under 
$10.00, add $ 75 Add 5\ for postage. 
Insurance, handling Overteat add 
1SV NV realdenta. add 7\ tax 


wtm 


The CT-70 breaks the price barrier on lab quality frequency counters 
No longer do you have to settle for a kit halt-kit or poor performance 
the CT-70 is completely wired and tested, teatures professional 
quality construction and specifications plus is covered by a one year 
warranty Power for Ihe CT-70 is provided by lour AA size batteries 
or 12 volts. AC or DC. available as options are a mead battery pack 
and AC adapter Three selectable frequency ranges, each with its 
own pre amp. enable you to make accurate measurements from less 
than 10 Hz to greater than 600 mHz All switches are conveniently 
located on the front panel tor ease of operation and a single input 
lack eliminates the need to change cables as different ranges are 
selected Accurate readings are insured by Ihe use of a large 0 4 inch 
seven digit LED display, a I 0 ppm TCXO time base and a handy LED 
gate light indicator 

The CT-70 is the answer to all your measurement needs, in the 
field, in the lab, or in the ham shack Order yours today examine it tor 
todays, il you're not completely satisfied, return the unit tor a prompt 
and courteous refund 

Specifications 

Frequency range 
Sensitivity 

Stability 

Display 

Input protection 
Input impedance 

Power 
Gate 

Decimal point 
Size 
Weight 


Prices 

CT-70 wired + tested..$99 95 

CT-70 kit form. 75 95 

AC adapter . 4.95 

Nicad pack with AC adapterlcharger. 14.95 

Telescopic whip antenna. BNC plug . 7.95 

Till bail assembly. 3.95 


rsmsau ^htfnihv 

BOX 4072, ROCHESTER, N.Y. 14610 
PHONE ORDERS CALL 
(716) 271-6487 


10 H/ lo over 600 mH/ 

less than 25 mv to 150 mH/ 

less than 150 mv to 600 mHz 

1 0 ppm 20-40 C 0 05 ppm C TCXO crystal 

time base 

1 digits LED 0 4 inch height 
50 VAC to 60 mHz 10 VAC to 600 mHz 
1 megohm 6 and 60 mHz ranges 50 ohms 
600 mHz rang© 

4 AA cells 12 V AC DC 
0 1 sec and 1 0 sec LED gate light 
Automatic all ranges 
5"W x 1 VH x 5VD 
1 lb with batteries 


IQ 


More Details? CHECK - OFF Page 118 


novsmber 1979 

















CHRISTMAS GIFTS 

FOR THE HAM IN YOUR FAMILY 

PALOMAR ENGINEERS 



Prica 

Shipping/ 

Handling 

R-X Noise Bridge 

$4995 

$200 

VLF Converter 

5500 

2 00 

All Bands Preamplifier 

8950 

200 

1C Keyer . 

97 50 

300 

500 Watt RF Transformer 

35 00 

200 

2 KW RF Transformer 

42.50 

2.00 

1 K Toroid Baiun . 

22.50 

2 00 

2 K Toroid Baiun . 

42.50 

2.00 

Beam Baiun (6 KW PEP) 

47 50 

200 

Loop Amplifier 

67 50 

200 

Plug-in Loop (160/80 meters) 

47 50 

200 

Plug-in Loop (broadcast) 

47 50 

2 00 

Plug-in Loop VLF (150-550 KHz) 

47 50 

200 

CW Filter 

3995 

2 00 

LARSEN MOBILE ANTENNA SPECIALS 


LM-150 5/8 Wave Whip and Coil. 

$21 65 

$2.00 

Complete with LM Magnetic Mount 

34 94 

200 

Complete with LM Trunk Mount 

34 42 

200 

NMO-150 5/8 Wave Whip and Coil. 

$23 22 

$2 00 

Complete with NMO Magnetic Mount 

38 13 

2 00 

Complete with NMO Trunk Mount 

39 20 

200 


WRITE FOR A FREE COPY OF OUR CATALOG 
MASTER CHARGE VISA 

All ilems FOB Lincoln $1 00 minimum shipping Puces subinct lo change 
without notice Nebraska residents please add 1% ta< 

OommufticatiOKS 

730 Cottonwood Lincoln. Nebraska 68510 

Phone (402) 489-4891 


WANTED FOR CASH 


490-T Ant. Tuning Unit 

(Also known as CU1658 
and CU1669) 






4CX150 

4CX250 

4CX300A 

4CX350A 


Highest price paid for these units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106, ARC105, ARC112, ARC114, 
ARC115, ARC116, and some aircraft units also 
required. 


DCO, INC. 

10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 

800 - 526-1270 Evenings (201) 998-6475 


Other tubes and Klystrons also wanted. 


4CX1000 

4CX1500 

4CX3000 

4CX5000 


4CX10.000 

5CX1500 


4-65 

4-125A 


4-250 

4-400 


4-1000 

304TL 


Stand Alone Video Terminal 

cc£J , $€0v\yvffZtt«>5!o' ii7 0i i" : vT,r | *•+++ 

' "#m y (> *+, -. '012456739:<»? 
C-flBCDEFGH IJKLMNQPQRSTUUWXVZC \ ] A _ 
abed e fyhij k1«n o pq rstuuwxyz<!>^| 


Pull Kit *326 (includes BCT-IOO) 


• 64*16 Bn* format with 128 duptaya 

• Serial ASCII or BAUDOT with mutepl* Baud 
• $197 Assembled or 8167 Kit (Partial Kit 
• Pull cursor control with scrolling end paging 
• On board power supply 

* Serial interface RS232 or current loop 
* Purchase SCT-100 alone or com 


UM |WfV /'AB B east I'h.rtwell Urisr* 
/(AlltALUnK Oallaa, Texas 7524 S < 214 ) 846 - 


ggj »XIT€X MORSE TRANSCEIVER 


MRS100 FEATURES: 

• Connects directly with any ASCII or Baudot 
Teletype* /Terminal 

• Operates trom 1 to 150 WPM with Auto- 
Sync. 

• Displays WPM rate ot copied signal plus 
FIFO buffer status. 

• Contains a built-in 80 Hz bandpass filter 
and sidetone oscillator 

$295 Assembled S Tested • $225 Complete Kit • $95 Partlel Kit 


W 


mf 

* •<* 

ra,,. 


NEW FROM XITEX...ABM-100 

Universal Convener ASCII • Baudot • Morse 
The ABM-100 Is a universal code converter 
tor translating between ASCII and Baudot, 
or between Morse and ASCII (or Baudot) 
Also used as a TTY* speed converter 
Assembled and tested the ABM will operate 
trom a single «5V supply and sells tor $129 
Write for complete details. 
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RATES Non-commercial ads 10« per 
word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


VERY ln-tar-«iMng! Nexl 3 issues $1. ' The Ham Trader", 
Wheaton, IL60187. 


QSL ECONOMY: $12 per 1000 UPS paid. S.A.S.E. lor 
samples. W4TG, Drawer F, Gray, GA 31032. 


MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup¬ 
pression accessories. Literature, E9tes Engineering, 930 
Marine Dr., Port Angeles, WA 98362. 


HEATH HW/SB-104 OWNERS: Improve sensitivity, selec¬ 
tivity, intermodulation performance. For info sheet send 
$2 and SASE to WB4RRC, Box 461, Warner Robins, GA 
31093. 


BUY-SELL-TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. 
Associated Radio, 8012 Conser, Overland Park, KS 
66204.(913)381-5900. 


DRAKE UV3-144 2M FM Xcvr. $425; Atlas RX-110 80-10M 
Rcvr. $190; Yaesu YD-100 Monitor scope $120; ICOM 
IC3PE Desk supply $55; Mint cond. with manuals. 
W6HVN, Box 833, Altavllle, CA 95221. 


Foreign Subscription Agents 
tor Ham Radio Magazine 


Ham Rad'O Austria 
F Basil 
Hauptpiatr 5 
A 2700 Wiener Neustafli 
Austria 

Ham Rad'O Belgium 
Stereohouse 
Brusselsesleenweg 416 
B-9218 Gent 
Belgium 

Ham Radio Canada 
Bo* 400 Goderich 
Onlario. Canada N7A 4C.7 

Ham Radio Europe 
Box 444 

S 194 04 Upplands VasDy 
Sweden 

Ham Radio France 
Christiane Michel 
F-89117 Parly 
France 

Ham Rad'O Germany 
Kann Ueber 
Postfach 2454 
D 7850 loerrach 
Wesf Germany 


Ham Radio Holland 
MRL Ectronir.s 
Post bus 88 
NL 2204 Delft 
Holland 


Ham Radio Italy 
STE Via Mamago 15 
1-201 34 Milano 
Italy 


Ham Radio Switzerland 
Kann Uebei 
Postfach 2454 
D 7850 Loerrach 
West Germany 


Ham Radio UK 
P O Box 63. Harrow 
Middlesex HA36HS 
England 


Holland Radio 
t43 Greenway 
Greenside, Johannesburg 
Republic of South Africa 


DX, YOU BET! The DX Bulletin — Best weekly DX info in 
theworld—send tor FREE sample copy. The DX Bulletin, 
306 Vernon Avenue, Vernon, Connecticut 06066. 


HEATHKIT STATION, newly reconditioned with original 
cartons and manuals: SB-300, SB-400, SB-600, Micro¬ 
phone; $495.00. Bob Wolters, W5TPF; (713) 498-8300. 


QUALITY NEW COMPONENTS. 1/4 and 1/2 watt carbon 
film resistors; eiectrolytic, mylar tantalum, disc, mica 
capacitors; trimpots; miscellaneous other items includ¬ 
ing chassis, enclosures, and carbide drill bits. Enclose 
15t stamp for catalogue. Midnight Engineering Group, 
P.O. Box 349, Galesburg, IL61401. 


MUSEUM for radio historians and collectors now open. 
Free admission. Old time amateur (W2AN) and commer¬ 
cial station exhibits, 1925 store and telegraph displays, 
15,000 items. Write for details. Antique Wireless Assn., 
Holcomb, N.Y. 14469. 


WANTED: Conar 452 Transceiver. William Murks, Route 
2, Box 176-A, Loretto, TN 38469. 


MOBILE HF ANTENNA, 3.5-30 MHz inclusive, 750 watts 
PEP, center loaded coil, tuned from the base, eliminat¬ 
ing coil changing or removing from mount. Less than 1.5 
to 1 VSWR on all ham bands. $119.95 each ■— contact 
your local dealer or order from Anteck, Inc., Box 415, 
Route 1, Hansen, ID 83334. (208) 423-4100. Master 
Charge and VISA cards accepted. Dealer inquiries 
invited. 


MINI MITTER II 40M SSB XCVR $125.00. H P. 430C 
Power Meter with 476A bolometer $125.00. TS-323 freq. 
meter 20-480 MHz $60 00. Nems Clark 1906A VHF Rcvr. 
30-260 MHz $180 00. Charles KinQ, Miner St.. Middle- 
town, CT 06457. 


RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, CA 94806. 


AFC - STOP VFO DRIFT. See June 79 HR. Complete 
unit $49.95 + shipping. Read Easton, K6EHV, 3691 Gay 
Way, Riverside, CA 92504. 


QSL CARDS 500/$10. 400 illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, MO 63130. 


WWV FREQUENCY COMPARATOR Receiver Model 550, 
very clean, nice cabinet, manual $85. K6KZT, 2255 Alex¬ 
ander, Los Osos, CA 93402. 


HAM RADIO REPAIR, alignment. Prompt, expert, 
reasonable. "Grid” Gridley, W4GJO, Route 2, Box 138B, 
Rising Fawn, GA 30738. 


WANTED: Tube data for TV-4/U Tube Tester. N7NI, 2640 
S. 133, Seattle, WA 98168 


ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS! 

Parts, equipment, stereo, industrial, educational. Amaz¬ 
ing values! Fascinating Items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh, N.Y. 12901. SURPLUS WANTED. 


FOR SALE: Drake R4A receiver, T4XB Transmitter, MS4 
and AC4 power supply and speaker, 160 through 10 
meters. $650.00 takes all but will consider offers on sep¬ 
arate items. Alvin Schmidt, WB9ACF, RR3, Box 206, 
Oswego, Illinois 60543. (312) 554-3044 after 6 PM. 


FERRITE BEADS: w/specification and application sheet - 
12/$ 1.00. Assorted PC pots - 10/$1.00. Miniature mica 
trimmers, 3-40 pF. • 5/$1.00. Postpaid. Includes latest 
catalog. Stamp for catalog alone. CPO Surplus, Box 189, 
Braintree, MA 02184. 


WANTED: HeathKit Aircraft band receiver of about 10 
yrs. ago. K2EDX, RD#1, Rome, NY 13440. 


RTTY AFSK Modulator PC board. See Feb. 79 Ham 
Radio. Drilled $5.00 F. E. Hinkle, 12412 Mossy Bark, 
Austin, TX 78750. 


WANTED: Manual or schematic for Lavoie Labs Spec¬ 
trum Analyzer Model LA 17. Tony Sheppard, VE3DIR, 2 
Brooklawn Ave., Scarborough, Ont. Canada. Ml M 2P4. 


CLUB CALL PINS 3 lines 1V4 x 3V4 $1.55 each. Call first, 
Name and Club. Colors Blue, Black, or Red with White 
letters. (Catalog) Arnold Linzner, 2041 Linden Street, 
Ridgewood, N.Y. 11227. 


WANTEO: AFSAV-39C keyers, AN/FRA-86 & AFSAV-133 
demods., and type "N” coaxial bulkhead lightning 
arresters. C.T. Huth, 146 Schonhardt St., Tiffin, OH 
44883, 


FREQUENCY ALLOCATION CHART. See how the entire 
radio spectrum Is used. 2 kHz to 200 GHz. Send $3.00. 
Collins Chart Co., Box 935, Coronado, CA 92118. 


CES MODEL 235A Automatic Microdialer $69.95. The 
only automatic dialing touch tone microphone. Also a 
variety of new and surplus parts. Free Catafog. Key Elec¬ 
tronics, Box 3506H, Schenectady, NY 12303. 





4 v\ 

COAX RELAY 
12 VOC SPOT 
*50 MHZ+ 100 WATTS 
HALE RCA PLUG TO 
SD239.PLUS SPST 20A 
CONTACT. *6.95 



1SKVDC a 30 WATTS 
INPUT 115AC 60HZ 
*9.95 



POWER SUPPLY MODULE 
RATED AT 12V » 2.5A. CAN 
B£ MODIFIED BY CHANGING 
THE ZENER. 

PART S » A ~ 3A DIODES. 1-2 .SA 
FUSE. 1-2200MF » 35V CAP 
I 12V ZENER,1-PASS TRANS 
WITH HEAT SINK. 


S4 .95 


A NTS MM AS 


RNC STRAIGHT 


ANS PT90 


BNC 90° ELBOW 


ANS PTRAj BNC ADJ . El. RUW 
ALL ANTENNAS ARC FOR T »0 METER', 


$7.95 


MPF-131 

N-CHANNEL DUAL GATE 
MOS FIELD-EFFECT TRANS-J 
ISTOR USED IN VHF AMP- 
LIFER l MIXER- GOOD FOf^ 
RF AMP. AT 60 t 200MHz 
HAS DIODE PROTECTED 
GATES. CDHE5 WITH DATA 
SHEET. UNITS ARE HOUSE 
MARKED. 

HPF- 131 


LOHM 5 WATT 


S FOR * 1-OO 

50 OHM 100 WATT 


MIE29S5 SI 


Touch-Tone Housing. 
BLACK only. ■..S3. 50 


5 V. DIP RELAY 

SP ST 
N.0. 

>LS0 | 




mj3000*2.25 


CONNECTORS 

BNC M/UHF-r 
UC-2SSU $3.00 
—, BNC F/UHF-M 

UC-273U $2.50 

H ** * BNC F/BNC-F 

; — nr-_Q14ll $2.00 

» UHF f/uhf-f 

PL-2SB $1.50 
I’M* F/BNC-M 
-349U $3.75 

’N’ M/UHF-F 
UG-H6U $4.75 

i 'N' F/UHF-M 
■ UG-83BU $4.75| 

RC8 Adapter 
UC-171 $ .25] 

it BNC M-CABLE 
V UG 88 SI.35 
8NC F PANEL 
UO 1 Cl 'J t, % 1.00 

" M ** M CABLE 
UG-21Q S 2.95 

" N" F PANEL 
UG 58 S 2.25 


£)■ SSx 

SO-239 65C 

PL-259 65C 

10 / $6^^JI)^^JATgJ^ 


2N5589 
case nr- 72 
$2.95 


2N5590 
CASE TO-117 
$4.95 




LED * 

JUMBOS 

OR *1.OO 
100 FDR >7.95 



100 CFM 
1 1 5VAC 60HZ| 
* . 5 M X1.5 
USEO S6.95j 
GUARANTEED 


rjFw 


SI 2.951 



VARIABLE POWER 
SUPPLY KIT 

PS l 5-1 2VOC a 500MAI 
PS2 12-28VDC 9 250MA| 
ALL PARTS INCLUDED 
S6.95 


25* 


M 

P 

J 

hJ 


COMPUTER GRADE 
CAPACITORS. 
lO.OOOUF 9 50V 62.951 
23.200UF 9 50V 3.50l 

28.500UF 9 30V 3.Ool 

39 , OOOUF 9 *SV 3. 5cl 
OO.OOOUF 9 10V t.OOf 


Pa Box 12685 
le Park, FL 33403] 
(305) 848-8236 


*Fla. residents add 4% sales tax. 

*MC k VISA accepted, please include expir¬ 
ation date and signature as on card. 

*Add $1.00 for order under $10.00. 

‘Canada 6 Foreign orders please add suffi- 
cent postage. 

*USA orders please add St postage._ 


More Details? CHECK-OFF Page 118 
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YOUR REPEATER DOWN IN THE 
MOUTH? GIVE IT A HELPING HAND 
WITH A WaCom Duplexer! 

NO DELAY - NOW IN STOCK- 
READY FOR SHIPMENT-TUNED TO 
DESIRED TX and RX FREQUENCY 

•6 Meter Close Spaced • BpBr Circuit 

•2 Meter 600 KHz Spaced • Power' To 350 Watts 

•220 MHz • Requires No 

•432 Rack Mount Maintenance 

•Frequency Stability Over Wide Temperature Ranges 

ALSO AVAILABLE DOUBLE SHIELDED CABLES WITH PL 259 AND .TYPE N CONNECTORS 

i£.hza,t£.%4, umCimitid 

a, ’ eicvcdcott 

ci£&tiv£ 

i()i 971-2122 Iff 20065 

r.l («/j !(/f %a. I ^^1 I 


WE ACCEPT 



mi 



ASTROIM POWER SUPPLIES 

• HEAVY DUTY • HIGH QUALITY • RUGGED • RELIABLE • 

SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATEO . 

• FOLO BACK CURRENT LIMITING Piotecls Power Supply from ,, . juj, . .^ udi J 

excessive current & continuous shorted output 

• CROWBAR OVER VOLTAGE PROTECTION on Models RS-TA 
RS-12A. RS-20A RS-35A RS70M 6 RS-35M 

• MAINTAIN REGULATION * LOW RIPPLE al low line input Voltage 

• HEAVY OUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORO 

• ONE YEAR WARRANTY • MADE IN U S A 

• VOLT A AMP METER ON MODELS RS 20M 4 RS 35M ASTRON 20 AMP REGULATED 


PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105 125 VAC 

• OUTPUT VOLTAGE 138VDC >005 volts 
llnlernalty Adjustable 11-15 VOCl 

• RIPPLE Less than 5mv peak lo peak (lull load 4 low linel 

• REGULATION • 05 volts no load Id lull load 4 low line lo high line 


ASTRON 20 AMP REGULATED 
POWER SUPPLY Model RS-20M 

16 Amps continuous 
20 Amps ICS" 

5'(HI • 9* (W> ■ 10 5' (0) 

Shipping Weight 20 IDs 
Price SI 12 95 


Other popular POWER SUPPLIES also iviillble ISame lealures and specifications as above! 


Model 

Continuous 
Duty |imps| 

ICS- 

|amps| 

Site |ln | 

H - W ■ 0 

Shipping 
Wl libs | 

Price 

RS-35M 

25 

35 

5* 11 > 11 

29 

$156 95 

RS35A 

2S 

35 

5 x 11 x 11 

29 

S138 95 

RS 20A 

16 

20 

5 • 9 ' 10% 

20 

$94 95 

RS-/A 

5 

7 

3Y, ■ 6'* • 9 

8 


RS-4A 

3 

4 

3Y«« 6% • 9 

5 

$39 95 


"ICS — Intermittent Communication Service (50% Duty Cycle) 

II noi available al your local dealer, please contact us directly 



Inside View RS-12A 


a. 


CORPORATION 


1971 South Ritchey Street 
Santa Ana. CA 92705 
|714| 835-0682 


STOP LOOKING for a good deal on amateur radio equip 
men! — you've lound it here — at your amateur radio 
headquarters in the heart of the Midwest Now more 
than ever where you buy is as important as what you buy 
We are factory-authorized dealers for Kenwood. Drake. 
Yaesu. Collins. Wilson. Ten-Tec. Atlas. ICOM. DenTron, 
MFJ. Tempo. Regency. Hy Gam, Mosley. Alpha. 
CuShCraft. Swan and many more Write or call us today 
for our low quote and try our personal and friendly 
Hoosier Service HOOSIER ELECTRONICS PO Bo* 
2001. Terre Haute. Indiana 47802 (812)238-1456 

COMPLETE HAM STATION $225 Heathkit DX 100. Drake 
2 C. used, excellent KA1BEB. Kangas Rd . New Ipswich. 
N H 03071 Tel (603) 878-1554 

IN NEED of September 1968 Ham Radio Last issue for 
complete set J D Young. WA8KNE, 2076B Langley 
Great Lakes. IL 60088 

WANTEO — Ham Radio Magazine — 1968 issues. May. 
September and October Will pay any reasonable price 
Rick Nabor, K9GYO. 8640 S 86th Avenue Justice. IL 
60458 

ICOM 701 USER'S CLUB is now operational Send SASE 
to N8RT. Rob Pohorence. Dept HR 9600 Ktckapoo Pass. 
Streetsboro. OH 44240 

SHACK CLEANING - Sweep generator (4 220) $55. Sig 
nal generators TS-510A (equiv HP608D) $265. URM26B 
<4-410 MHz) $215 Dow-Key Coax relay (BNC) $6 ea all 5 
$25 For complete list send SASE Norm Cohen, 7808 
Sheryl. Norfolk. VA 23505 (804) 489 1793 

WANTEO: ST-6; several used 220 MHz rigs Mlchaelson, 
N7SM. (801) 467 6785 

THE MEASUREMENT SHOP has used/recondlttoned 
test equipment at sensible prices; catalog 2 West 22nd 
St. Baltimore, MO 21218 

INFO-TECH M200E(72)TU. M300KBD Tx & R* 60. 66, 75. 
100 wpm - 170n. 425n. B50n Shift & ASCII 110, 300 Baud 
& CW 4 125 wpm Bob Smith. WB60DR. 9129 Pueblo Rd.. 
Lakeside. CA 92040 (714)443-3400 

MANUALS lor most ham gear 1937/1970. Send 25« for 
Manual Catalog.' HI. Inc , Box H864, Council Bluffs. 
Iowa 51502 

WANTED — Hilltop Property near Pollock Pines. Califor 
nia WA6COA. 4 Ajax Place. Berkeley. CA 94708 

PORTA PAK — Make your FM mobile a self-contained 
portable Models in stock for most popular makes 4 5 
amp hr model $80 00 9 amp hr $103.00 Charger includ¬ 
ed. shipping extra P O Box 67. Somers. Wl 53171 

WANTED - Motorola KXN1024 and KXN1052 channel 
elements. WA6COA. 4 Ajax Place. Berkeley. CA 94708 

ROHN TOWER — Buy wholesale from Worldwide 
distributor 20G $27 06 section. 25G $37 62 section. 45G 
$67 76 section; 48 ft foldover tower, $605 00. 4011 BX 
tree-standing $213.40 Hill Radio. 2503 GE Road. Box 
1405. Bloomington. IL61701. (309)663-2141 

NORTH AMERICAN DX REPORT — free sample - 
SASE to Suites R2-R3. 615 S Frederick Ave , 
Gaithersburg. MD 20760 - Phone (301) 84D1967 

ESTATE SALE: Radio Antiques Send SASE for Spage 
list Ward Becht. 625 Tufts. Burbank. CA 91504 

RTTY — ST-5, NS-1A owners get increased selectivity 
with our bandpass active filter 2125/2295 Hz HR 4/79 Kit 
$11.95. wired/tested $16 95 postpaid SASE for info Nat 
Stlnnette Electronics. Tavares. FL 32778 

COSMAC ASSEMBLER runs in 1KB. text editor in one 
page Cassette and manual $19 95. specs for SASE The 
Elfry. Box 802H. Clarksville. MD 21029 

WANTEO: TD487/URR demux , AFSAV 39C koyer, & 
AN/FRA 86 demod C T Hulh. 146 Schonhardt. Tiffin. 
OH 44883 


Coming Events 


MASSACHUSETTS: 1200 Radio Club. WlDC. Annual 
Auction. November 17, 1979. 10:00 AM 400 PM al 
Honeywell Facility. 300 Concord Road. Billerica. MA 
01821. Route 3 at Exit 27. between Routes 495 and 128 
Talk in 147 72 12 Proceeds support Billerica and 
Waltham repeaters 

FLORIDA: The Fort Myers Amateur Radio Club & ARRL 
will host Hamararna '79. Nov 3 and 4. at the Ramada Inn 
in Fort Myers Dealer displays, educational forums, out¬ 
door flea market Registration $3 00 per person Contact 
K4VGN. 334 6190 or WD4ERA, 332 1825 Contact 
Ramada Inn direct for special rates 


■ 


More Details? CHECK OFF Page 118 
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Transistor Checker 


MICROPROCESSOR COMPONENTS 


a 


- Completely AwmlilKl — 

- Btlliry Op*(il»d - 

T nm AS I Translator ChKU< ucao 
able of (hacking • wnM '•»(• oi 
I'rniiio' type*. anna' in circuit 
O' Out of circuit To ooa'ate 
•Imply plug lh* transistor to bo 
Checked ntO Hit front panel 
socket. or connoct it with tfto alii 
OOtor clip fo«t loam piO»4M 
Tfto unit ufoly and automatically 
Idontifiot ’ow, moOmm and ftigft 
port#' PNP and NPN transistor* 
S./a 3V ■ CV a I 
“C“c*// ftaffr/y nor included. 


' Trans-Check * 19.95 ea. 


Custom Cables & Jumpers 



CONNECTORS 

25 Pin-0 Subminiature 


0825P ill pictured) PLUG Meets RS23?) 12 95 

UB?S5 SOCKET (Meets RS?32l S3 SO 

0851226-1 Ceble Cover tor DB25P or D82SS $1 75 


tnt tuiOnwr 

St«i» Oarototoi Omar 
mi Sfdam CarOroOa 

|?ji *jg Ca>oo 14 <U*Uffi 

l»J *ag t«onoi W 

ITU P>ag **sra* M>im» 

t»7 frog MUCa*tX 

•714 Aog wsmto Carom 


WM»f liras at rom <momuo r 


ecMfio o aoo ** agu mom u t 

mcmr? r too apt aooooo> i 

wceaxu few* Mmb Bn Trow team. 

— - ncNorwxi&soR ovs-oiuiuhoui - 

ooinoci cpu ii 

awwii cpu i 

coptan cpu i 

TSflO MPU 1 

eao; cpu t 

am • 9o ton • does <UM t«laa* 1 

Puns CPU • 

mSSMQA 1* ftt MPU Oitoooot wtog* 


MMVXn MAM Byname 

tttnam dm sq at Oman* 
mmw" dm i* at Baoc 

uuy»< Dutiooaaaor 

UMffQN Owe *4 at Accumwow 

MMOiat Most i it Drw« 

»04l 1074 Dynamc 

nil HaBMlMc 

n» feoittfetaoc 

m* y i Sum 

an ittcOnmc 

n.v om m ai suo 

an om no stM 

an DoNoa am 

AH 1AM K a* SUM 

»41 tto 

7IUK7B U1 ivyw raa ilrto 


PRINTED CIRCUIT EDGE-CARD 

ksRnflEM MyitM C<r>j.n »4 * iirtCwl 


m >7(401 Oarseto teanlari^oar am 
75'lW'i Ommom Ge r a u 'i o as cm 
mi Owsor Gomott 

huv an 704S Bi Raw a* Manen 


1101 am 

1109 187*1 ( 

jo’iiioii nai 
n« i«7«i 
/1U& 1024U 

2111(11111 mi4 


iu» mu 

owi non 

UPD1I4 4* 

IMMOOT) 

UP04II (M 

iUMIItl 

niwou m 


i mk am 

7714*111 111’ 

rasnu *r 

<771*1 

I1RAH 4**0 

7A» M 

7ft* T I 1**~ 

"Raatm > 

WOJ 70*1 

ar-HTflli 1024 
ux iif«o?> m 

87V1 HU 

mm 4 j»i 

mm ma 

74IM It) 

f4i*i a* 

7«S»7 1«4 


16/30 SE 
18/36 SE 
22/44 SE 
22i44 WW 
50/100 WW 
( 126 Spacing) 


PI MS (Solder Eyelet) 
PINS (Solder Eyelet) 
PINS (Soidet Eyelet I 
PINS (Mire Wrap) 
PINS IWire Wrap 1 


SI.96 
$249 
*2 95 
S3.95 
R681 1 $6 95 


4-Digit Clock Kit 


• Brignt .»!*• m rao display iPW 

• vaouaniiji flaming colon 

• l? or 24 hour operation 

• i ntruded aluminum tote (black) 

• Pressor# twitch#* to* hour*, minute* 4 nolO function* 

• include! ail component*. cava and wall tranvformer 

• Site- Jte a |«k a l«k 

JE730 .$14.95 


Jumbo 6-Digit Clock Kit 

• four inflloo M0"hl 

common anooa divplayv 

e UNI MMU14 clock chip 

• Switchai for nourt, minulev and hold function* 

• Houn aauiy viewable to JO faet 

• Simulated walnut cava 

• 111 VAC ooaralion 

• 12 or 74 nour oparatlon 

• Include* an component*, cate and wad transformer 
a SUa: ft* aJ* a 1* 

JE747.$29.95 




JE600 HEXADECIMAL 
ENCODER KIT 


» ) use* Da*** say* #*>#•• gang » 


» Detainee debit ro-dtt ymi 


DIGITAL 

THERMOMETER KIT 


a (Mr iivoc raewaa iw Mar in 
FULL a BIT LATCHED OUTPUT—Ifl keyboard 

Tea A tor Ircw grtort tman ••# w*» a» guaK^r 
U} n proa-ad im veef"** My me* a wee krt roe 
HirrfMg to * W SKtMNtnuii Wlk naeerj cstwft Tlr** 
131 Idptaui Wyi ft aertoigr ea •*•>**»• el re M»ng 
i Mia* >fj>w mwh Tneaatoavreianiarlwlnwnaorad 
•n HO r«ie»ia« ana «<vm <* i «n n-> «>«oe 

JE600 .S59 95 

HaudKimil Keypad only $14.95 


62-Key ASCII Encoder Keyboard Kit 


JE701 ~ 

•S >19 6»4 

6-Digit Clock Kit 


nt comm ca... 

oda dlM'lay 

■ uva« MMS314 clock chip 
•Sw>tchat for hour*, mlnuia* 
and hold mode* 
aH>* wvily viewable to 20 ft 

• S*mulated walnut cava 
ans VAC operation 

a 17 or 74 hr operation 

• (nil all component*, cava a 
wall tranitormer 

•S«f 6‘. • 3-1/6'* a 11*** 


The JE610 62 Key ASCII Encoder Keyboard 
Kit can be interfaced into moil any com 
polar tyvtem The JE610 Kit come* com¬ 
plete wrath an industrial grade keyboard 
twitch ewembly (62 key*). 1C'*, loekef*. 
connector, electronic component* and a 
double tided printed wiring board The 
keyboard aaemtoly require* *5V (* 150mA 
and —12V ¥ 10mA for operation 


FEATURES 

• 00 Key* generate the full 126 char 
acter*. upper and lower caw ASCII 
tel 

• Fully buffered 

• 2 uwr-define key* provided for 
custom application* 

• Cap* lock for upper caaa only 
alpha character* 

•Utilize* a 7376 (40 pm) encoder 
read only memory chip 

•Output* directly compatible with 
TTL/DTL or MOS logic array* 

• Easy interfacing with a 16 pm dip 
or 16-pm edge connector 


$19.95 


JE200 


r. electronic component* and a ICA1A A7A AC 

led printed wiring board The JCOIV/.y/7i7W 

assembly require* *5V f 150mA __ u u . . 1 rn . n , 

/ ¥ 10mA for operation 62-K9y Keyboard only. -$34.95 


REGULATED POWER SUPPLY <S& 

)Q 5V 1 AMP I JE205 ADAPTER BOARD 


t 


JE200 $14.95 


5V 1 AMP 
POWER SUPPLY 

•Utat LM309K 

• Haat sink provided 
•PC Board conalruction 

• Provide* a solid 1 amp 
O 5 volts 

•Can supply up to 15V. 
19V and 112V with 
JE205 Adapter 

• I nc ludet component*, 
hardware ft instructions 

•Sue: 3 H*'rS’*rZ”H 


rife 


ADAPTER BOARD 
- Adapts to JE200 - 
±5V. 19V and 112V 

■DC/DC converter w/ 
♦ 5V input 
•Tonodal hi spaed 
•witching XMFR 
’Short circ. protection 
‘PC Brd. construction 
-Piggy-back to JE200 
board 

•Site 3>i"*2”a9/16"h 

JE205 $12.95 


Digital Stopwatch Kit 

a use Intersil 77t& CHIP 

• Plated thru double-sided P.C. Board 

• LED display (**dl 

• Time* to H min H H see. with auto ravel 

• Quart/ crystal controlled 

• Three stopwatches m on« single event, split 
(cummulattve) ft l«yio> (sequential timing) 

• Uses J peullta beltane* 

• S./. o- .M4-. W irnnn Cl 


$10.00 Mm Order - U.S Fund* Only Spat Sheets - 254 

Calif Resident* Add 6% Sale* Tea I960 Catalog Available - Sand 4 Id stamp 

Pottage - Add 5\ plutSI Insurance (if desired) 


,‘ J FREt 
4 19«> X 

^ r y\AAvVV vv 


ameco 


ELECTRONICS 


je900 S39.95 


MAIL ORDER ELECTRONICS - WORLDWIDE 

1021 HOWARD AVENUE. SAN CARLOS. CA 94070 
ADVERTISED PRICES GOOD THRU NOVEMBER 



7071 Hi to w> 7721 Hr to wm 
Mai* WW" lee tapttd) - ION « 
'J.’O «v«»r -n NCI 7271 asm 


k> TOdttS 

•'Hmti ’etowca Mrunu*) Nwn •• 
•toe to ewrdto-bateaan <100 Hi e«a 7400 hi 
II* RS 717C ar 70 mA or ram ew i«aw a 




• Dual aenaort-awitcnmg control tor in 
door/outdoor O' dual monitoring 

•Cont.nuoul LCD B" nt ditalay 

• Mange 40** to 199T 40X to »00T 

• Accuracy 4 1* nominal 

•Set for Fahrenheit or Caitiu* reading 
■S<m walnut case AC wan adapter inci 
•Sira Jl/4 m.*s,B W'lMO 


TRS-80 

16K Conversion Kit 

Expand your 4K TRS-80 System to 16K. Kit 
comes complete with 

• B each UPD416-1 (I6K Dynamic Flams) 250NS 

• Documentation foe conversion 

TRS-16K $75.00 


COMPUTER CASSETTES 

C3Z==i13 . 6 EACH 15 MINUTE HIGH 

, OUALITY C15 CASSETTES 
. A-.it. i:a.{ is-:;: 

1- CASSETTE CAPftDW 

• ADDITIONAL cassettes 

Urae . AVAILABLE #C 15 S2WM 

<vZ-,A - CAS ' 6 
(--.-a-.- 1 $14.95 

( e.w.e - (CftM ind 6 Cassents) 


SUP R’ MOD II 

UHF Channel 33 TV Interlace Unit Kit 

Wide Band B/W or Color System 
^* Converts TV to Video Dtspigy (or 
home compulais. CCTV camera 
m <♦( Apple ti. works with Cromeco Du 

W~~ m} / rtr. SOL-20. IRS B0, ChalWm^gr 

If a MOO Ills pretuned to Channel 33 

(UHF) 

O 6 includes coaxial cable and antenna 

transform*? 

MOD II 



$29.95 Kit 


ULTRA VIOLET 
PRODUCTS. INC 


EPROM Erasing Lamp 

•Eragp* 2708. 2716. 1702A 5203Q. 5204Q. ate 

• Eram up to 4 chip* within 20 minuta*. 

•Maintain* constant expo sura dutanca of on* mch 

• Special conductrva foam Imar eliminate* Malic build up 
•Built in safaty lock to pravant UV aapoaira 
•Compact - only 7 S/B“ * 2-7/8" R 2" 

• Complete with holding tray for 4 chips 

UVS-11E...$69.95 



PHONE 
ORDERS 
WELCOME 
(4151 5928097 


Micro- 
f Miniature 
l A Joystick 


• 2 each 100K pots (Linear Taper) 

• Printed Circuit Board Mount 

• Size: 1" x 1 3/16" x 1 3/16" 


Micro-Miniature Joystick 


$4.95 


More Details? CHECK - OFF Page 118 
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The Super-Deluxe 
450MHz FM RepeaterJ 


Introducing Miff -— 
iMWt SCR4000 


SCt 4 BOB 

’ '* ■»ui» 


NEW 

FROM GLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards lor a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available in KIT FORM — 
GLB Model 200 MINI-SIZER. 


Shown in Optional Cabinet 


Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 


180 DAY WARRANTY 


and tested. $239.95 

Send for FREE 16 page catalog. 


Spec Comm is proud to announce the long awaited SCR4000 
UHF Repeater. This unit incorporates many deluxe features often 
requested by our customers over the last 2Vz years. See Features 
below for just a few. The rest of the unit is basically the same as 
our world famous SCR1000 VHF Repeater which is well known 
for superior performance, quality and reliability ! 

FEATURES: 

• 30 Wt. Output 

• Low Noise Front End: With 6 Filter Sections! 

• Double-Balanced Rcvr. Mixer lor Super Dynamic Range! 

‘ 8 Pole 21.4 MHz IF Crystal Filter 

• Rcvr. Discriminator & Deviation Meters! 

• Ultra-High Stability Transmitter Crystal Oscillator/Oven 

• All New State-ol-the-Art Xmtr. & Rcvr. Boards 

• p| U s — Many More Features Found in the Well Known SCR1000 VHF Repeater! 
(Full Metering & Controls, AC or DC Pwr., CW ID'er, etc.) 

You'll bo hippy lo hear that Iho SCR4000 it very reasonably priced about '/»that ol other top name units 

iwhich don t otter nearly as many convenient features as the SCR4000) ' Also, a complete line ol options & acces¬ 
sories are available such as lull Autopatch Tone Control units. Duplexers Antennas Caomets etc SCR1000 
VHF Repeater Also Available 

The SCR4000 is sold tactory direct only, or through authorized toreign sales reps Since there has been tremen¬ 
dous demand lor the SCR4000. we suggest you get your order In ASAP 1 


NEW 


PCL 250 MOBILE 
TRANSCEIVER 
136-174 MHz 
220-240 MHz 
Commercial 
or 

Amateur 


SCT 110 

TRANSMITTER BOARD 


WTtr iT. 


Please Call or Write lor further Into. 

A Full Line of Repeater Boards, Sub- 
Assemblies & New VHF FM Transceivers Are 
Also Available: Inquire. 


SPECTRUM COMMUNICATIONS 

Dept. HJ — 1055 W. Germantown Pk. __ 

Norristown, PA 19401 (215) 631-1710 


We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton St.. Bulialo, N. Y. 1d206 



MODEL 4431 THRULINE 


RF DIRECTIONAL WATTMETER 
with VARIABLE RF 
SIGNAL SAMPLER - BUILT IN 

IN STOCK FOR PROMPT DELIVERY 


AUTHORIZED DISTRIBUTOR 



associates 


115 BELLARMINE 
ROCHESTER, Ml 48063 

CALL TOLL FREE 
800 - 521 2333 
IN MICHIGAN 313 - 375-0420 
















Now—the 




INFO-TECH M-300C 
TRI-MODE KEYBOARD 

A microprocessor controlled keyboard 
that generates: Morse, RTTY, & ASCII. 


Morse Features: 1 

• 4 to 125 W.PM. in 1 W.PM increments. ’ 

• 9 adjustable weight levels 

• relay keying 

• sidetone with tone and level adjustments 

• special keys: AS. BK, BT. AR. SK, CQ. DE 


RTTY Features: 

• 4 speeds 

• 2 shifts (170 & 850 hz) 

• built in AFSK 

• built in CWID 

• built in RY generation 


ASCII Features: 

• 110 & 300 Baud 

• 2 shifts (170 & 850 hz) 


B stHI°on!y ^450 00 
F.O.B. Factory 


Other Features: 

• Built in quick brown for generator on all modes • CQ & DE special keys on all modes 

• Automatic CR/LF • Keyboard control of all functions 

• 700 Character Running Buffer • 4 row keyboard eliminates figures/letters 

• 10 recallable, user programmable message shifting on RTTY 

memories of 120 characters each • Many more features. 


Order direct or from these dealers: 


Global Communications 

606 Poco Isles Blvd 
Cocoa Beach Florida 32931 
305-783-3624 

Cohoon Amateur Supply 

Highway 4 75 

Trenton Kentucky 42286 


Emona Electronics 

661 George Street 
Sidney N S W Australia 

Germantown Amateur Supply 

3202 Summer Avenue 
Memphis Tennessee 38112 
800-238-6168 


Rickies Electronics 

2800 W Meighan Blvd 
Gadsden Alabama 35904 

205-54 7-2534 

Universal Amateur Radio 

1 280 Aida Drive 
Reynoldsburg Ohio 43068 
614-866-4267 


PANACOM 

P O Box 76093 
Caracas 107 Venezuela 
Marcucci-SPA 
via F LLI-Bronzetti 
Milan Italy 


Dialta Amateur Radio Supply Ham Radio Center 

212 48th Street 8342 Olive Blvd 

Rapid City S Dakota 57701 St Louis Missouri 63132 

605-343-6127 800-325-3636 


N & G Distributors 

7285 N W 12th St 
Miami Florida 331 26 
305-592-9685 





INCORPORATED 


Specializing in Digital Electronic Systems 


2349 Weldon Pkwy. St. Louis, Missouri 63141 Phone (314)576-5489 
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Look for this Authorized Lunar Dealer Emblem. 

- If you're looking for quality Lunar products, be sure you 

go to one of the authorized Lunar dealers listed above. 
He can give you complete information on our outstand¬ 
ing line of amateur products, and if he doesn't have 
exactly what you want in stock, he can get it tor you 
almost immediately. 

We choose our dealers because they are qualified, 
professional ham dealers. Why don’t you do the same 




Lunar offers a complete line of Linearized Amplifiers, 
Pre-Amps. Transverter modules, and portable antenna 
towers See them today at your Authorized Dealer. 


QffTIQ 

Louis N. Anclaux 
WB6NMT 


rjr L#N/ 1 R 
electronics* 


2785 Kurtz Street 
Suite 10 
San Diego. 

CA 92110 
(714) 299 9740 
Telex 181747 



GREGORY ELECTRONICS 

The FM Used 
Equipment People. 


2 Meter 
Portable 


FAST SCAN ATV 


WHY GET ON FAST SCAN ATV? 

You can send broadcast quality video of home movies, video 
tapes, computer games, etc. at a cost that is less than sloscan. 
Really improves public service communications for parades. 
RACES, CAP searches, weather watch, etc. 

DX is about the same as 2 meter simplex 15 to 100 miles. 

ALL IN ONE BOX 
^ TC-1 Transmitter/Conv 
” mv • • I Plug in camera, ant. mic and you are 
I ^ f V i • | on the air . $399 ppd 


G.E. MASTR PR 36 

132-150 MHz-5 Watts 

ALL SOLID STATE 
with Ni-Cad Battery 

New Low Price 

$ 138 . 



Vehicular Charger 4EP63A (sold only with unit) > 


GREGORY ELECTRONICS CORP. 

245 Rt 46. Saddle Brook. N.J. 07662 
Phone: (201) 469-9000 


HITACHI HV-62 TV CAMERA 
High performance closed circuit 
camera just right for atv. with lens 
. $239 ppd 


PUT YOUR OWN SYSTEM TOGETHER 




TVC 18 CONVERTER tunes 420 
mhz down to ch 2 or 3 . S49.50 ppd 

TXA5 EXCITER.S69 ppd 

PA5 10 WATT LINEAR . . S79 ppd 
FMA& Audio Subcarrier . $24.50 ppd 


SEND FOR OUR CATALOG. WE HAVE IT ALL 

Modules for the builder, complete units for the operator,antennas, 
color cameras, repeaters, preamps, linears, video ider and clock, 
and more. 19 years in ATV. 

Call 213-447-4565 5-6 pm ur time 


I | luiUu,<M3 I 

I E3 


P.C. ELECTRONICS 

inn 2522 PAXSON To 

,ec ARCADIA. CA 91006 
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The Popular 
CUA 64-12 
by Heights 

Light, 

permanently 

beautiful 

ALUMINUM 

towers 

THE MOST IMPORTANT 

FEATURE OF 

YOUR ANTENNA 

IS PUTTING 

IT UP WHERE 

IT CAN OO 

WHAT YOU EXPECT. 

RELIABLE OX — 

SIGNALS EARLIEST IN 
AND LAST OUT. 

ALUMINUM 

Complete Telescoping 
anti Fold-Over 
Series Available 
Self-Supporting 
East to Assemble 
and Erect 
All towers mounted 
on hinged bases 

And now, with moton/ecl options, you 
can crank it up or down, or fold it 
over, from the operating position in 
the house 

Write for 12 page brochure giving doz¬ 
ens of combinations of height, weight 
and wind load. 

Please include 30« (stamps or coins) 
for postage and handling when re¬ 
questing our free literature. 

ALSO TOWERS FOR WINDMILLS 

HEIGHTS 

MANUFACTURING CO. 

In Almont Heights Industrial Park 
Alrnont, Michigan 48003 


R-X Noise Bridge 


All Palomar Enginaars products are 
made in U S A Since 1965, menu lecturers 
of Amateur Radio equipment only 



• Learn the truth about your antenna. 

• Find its resonant frequency. 

• Adjust it to your operating frequency quickly 
and easily. 

It there is one place in your station where you cannot risk uncertain results 
it is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, if It is not, whether It is too long or too shorf. All this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readings even when the antenna is not resonant. It gives 
resistance and reactance readings on dipoles, inverted Vees, quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 

Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Gel the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use It to check your antennas from 1 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our tree brochure. 


The price is $49.95 in the U.S. and Canada. Add $3.00 
shipping/handling California residents add sales tax 


Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 



Palomar Engineers 


Box 455, Escondido. CA. 92025 • Phone: [714] 747-3343 


[<3 10 
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Telemetry Communications & I nstrumentation, corp. 

10 GHz GUNNPLEXER' MICROWAVE TRANSCEIVER 

FRONT END BY MICROWAVE ASSOCIATES 




f ^ 


FEATURES 

• LOW COST 

• HIGH SENSITIVITY 

• AFC 

• FUNCTION METER 

• TONE OSCILLATOR 

• ELECTRONICALLY TUNEABLE 

• SQUELCH & VOLUME CONTROLS 


TRANSMIT-RECEIVE 
TELEMETRY/VIDEO DATA 
AC-DC OPERATION 
MULTIPLE IF FREQ'S 
MODULAR CONSTRUCTION 
WEATHER RESISTANT CASE 
COMPLETELY WIRED/TESTED 


PHYSICAL SPECIFICATIONS 

Size 6" h x 9" I x 5"d 

Color Blue Enclosure. Gray Front Panel 

Weight: 3 Pounds 

Speaker Included 

Tripod or Mast Mounting 

Microphone Optional 


THREE MODELS AVAILABLE 

TELEMETRY model tmxio VIDEO 

• 10 GHz to MW Gunn Transceiver • 10 GH 

• 17 dB Horn Antenna • 17dE 

• 30 MHz Low Noise Pre Amp • 45 Mt 

• 10 7 MHz Post IF Amp/Oemod • 45 Ml 

• Crystal IF Fillers • Audio 

• Integrated Circuit Modulator • Room 

• Internal Voltage Regulators • Intern 

• AFC • Volun 

• lone Oscillator 


VIDEO MODEL TVX10 

• 10 GHz 10 MW Gunn Transceivei 

• 17 dB Horn Antenna 

• 45 MHz Low Noise Pre Amp 

• 45 MHz Post IF Amp/Demod 

• Audio Suhcartier Mofl/Oemod 

• Room lot III Video Channels 

• Internal Voltage Regulators 

• Volume Control 


OPTIONS 

• 45 60 100 lit MHz IF Freq Available 

• Narrow Band Crystal Filters 

• 50 Hz 220 VAC Power Supply 

• Higher Gunn OSC Power Output 

• Higher Gam Anlennas 


PRICE LIST 

MODEL TMXIO_$379.95 

MODEL TVX10.$379 95 

MODEL TM/VX10. . $529.95 

(Combines TM/Video Models) 


TM/VIOEO MOOEL TM/VXIO 

• 10GHz lOMWGunnTransceivet 

• 17 dB Horn Antenna 

• 45 MHz Low Noise Pre Amp 

• 45 MHz Post IF Amp/Demod 

• Wideband/Narrowband Operation 

• Audio Subcarrier Mod/Demod 

• AFC 

• AC DC Power Supply 


TCI CORP. 

411 N BUCHANAN CIRCLE #3 
PACHECO. CA 94553 


TO ORDER CALL (415) 676-6102 

or Write lot FREE DETAILED OATA SHEET on this and our 
VHF/UHF TRANSMITTER & RECEIVER PRODUCT LINE 

Pncps Stablerl lo Dwnqt* Without Nol i r 


THef^nC^SlGNAL 


UNPDILLP 

W2RU Baiuns 

ommotp by 

Mprtssitms 

WOULD RID! 

OVER 12 YE IIS 




$14 — 


l: 1 OR 4:1 
2.000 R 
PEP 


FULL-POWER. QURLITY 
HRM RNTENNR PARTS 

f 

RT YOUR DEflLER 

• MIDIS IMPS IRSU1A10RS 

• QUAD PARIS Alllllll IIIS 

1 • BOOM NIST MODUS WIRE 

. Mill CONNECTORS 


. .. .. . , WRITE EOR PDll C4IAE0C 

. IK tMUMllifkfiAt lrr.,1 | i.cl... 3«c St,.p> ] 

• 650 ~ SI reactb ^I^L 4 

• Slmlm HiiE«ji* . jw 

• Sealed ASSISTANCE? IT YC0 DIVI 

•GUARANTEED Call: NDGHCUNNIS0N.WA2 20T H jTC •■»--- ■«. 

Toll Free 800 448 1666 amiawm iimi* i-m m» wim ■ 

INVS Collect 315 437 39531 

DEALERS WANTED - OVER 300 WORLD -WIDE 


TT\ A tCMOWAVI UNAOILLA/REYCO DIVISION (Depl HR i 

11 Fc":.. 

AMlNiMM SUM! t IASI $»NAr UM Man I OWN 


RF Speech Processors for Drake TR 7, TR-4s, T-4Xs 

Special 8 pole IF crystal filtering, followed by highly- NEW! RF CLIPPERS 

effective active hard limiting: the key to intelligibility and 
talkpowor TR-7 processor provides room for an additional ' 
accessory filter. All solid state pm-diode switching. TR-7. 

TR 4 units feature selectable 16 pole receive. Model 7 SP 
for TR-7: $265.00 Model 4 SP for 1AX: $285 00. 

TR-4 unit available at a later date 


Mike Equalizer Pre-Processor 

Companion to above units, but good between any mike 
and rig. Can reduce distortion, improve crispness, intel 
ligibility. Easily adjustable single control tailors both high 
and low frequencies to optimize response of any micro 
phone Contains in/out. gam. equalization controls 
Model SE 1 $65.00 


Sherwood Engineering Inc. 

1268 South Ogden St. 

Denver. Colo. 80210 
(303)722-2257 
Money back if not satisfied 

Add $3 per order shipping. 

$6 owrseas air 

Dealer Inquiries Welcome 


MOVING? 

KEEP HAM RADIO COMING .. 


If possible let us know lour to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Just remove the mailing label 
from this magazine and affix below 

Then complete your new address (or any 
other corrections) in the space provided 
and we ll take care ot the rest 

ham 

radio 

Magazine 

Greenville. NH 03048 

Allow 4 6 weeks tor 
correction 

Thanks for helping us to serve you belter. 

1 - \ r 
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Sena 10‘ for our latest catalog write or 
phone for more details 

^^£323 ed * v 

charge 

2400 Crystal Drive 
Ft Myers Florida 33907 
all phones 18131936 2397 



I I 


Ihi-q baluimI 

• For dipole*, yogis, Inverted 

9 

•Ml, ImWiIi a RMdi 

f 

•hfMllM«lB»w»f*«»™ 

X 



• Brood bonded 3-40MH*. 

{ HI 0 

*Smoll, light, weather-proof 

Baiun 

•111 Imysdemo ratio 



r-—. 

•Helps eliminate TVI 


•Fully Guaranteed IQ QC 


Van 


Gorden “** 


Engineering 


SOX 2130$, S. IUCLIO, OHIO 44121 


orh electronic 


105 

ujJcor sue. 
tos anyetes 
Cfl. 

90036 


3 Digits LED Display Battery or AC 
operation Model F-B62 DPM Kit - 
$29 99 

3 DigitS LED Display Auto Zeroing. 
Battery or AC Model F TSOSa DPM Kit 

$32 99 Digital Alarm Clock PC B 
3-12 Digit 0 43 LED Display Auto 
Zeroing AC operation Model F M33a 
DPM Kit $44 99 

AC/DC Converter Power Supply 
Model F CPS22c Kit S39 99 
3-1 2 Digit 0 43 LED Display Auto 
Zeroing Battery or AC operation 
Model F lN107a DPM Kit $36 99 
AC'DC Converter Power Supply 
Model F CPS22c Kit $39 99 

4 1/2 Digit 5 LED Display AC opera* 
non 0 005 « Accuracy Model F SX 2021 
DPM Kit $59 99 

Ohm Converter and DC voltage 
Model F OV2b Kit $22 69 
We have PC boards already manu* 
lecture lor Power Supplies lor DiH V/A 
For different tens & inters 
We execute Printed Circuit Boards, 
your artwork single sided 
Mail your order now. or send lor Iree 
details 


ERC PROMISES UP TO THE MINUTE STATE-OF-THE-ART DESIGN AND PERFORMANCE 

WE’VE DONE IT FOR 1979 

FOUR SIMULTANEOUS FILTERS IN ONE FOR UNPARALLELED QRM FREE RECEPTION (SSB A CW) 
•PLUS A SPECIAL PATENTED CW PROCESSOR* 


THE BRAND NEW SL-56 AUDIO ACTIVE FILTER SUPERCEDES 
OUR Sl-55 IN BOTH CONCEPT AND PERFORMANCE. CONSOL¬ 
IDATION Of MANY COMPONENTS HAS ALLOWED US TO MAKE 16 
OPERATIONAL AMPLIFIERS (COMPARED TO 6 IN THE SL-55) 
INTO A FILTER GUARANTEED TO OUT PERFORM ANY OTHER 
AT A COST ONLY SLIGHTLY HIGHER THAN THE Sl-55. THE 
FEATURES OF THE SL-56 ARE SO ADVANCED FROM ITS PRED¬ 
ECESSOR THAT CALLING IT THE SL-55A IS NOT JUSTIFIED. 
UNLIKE OTHER FILTERS THAT SIMPLY OFFER A CHOICE OF 
ONE OR TWO FILTER TYPES AT A TIME (NOTCH. iANDPASS. 
ETC.) SL-56 PROVIDES WHAT IS REALLY NEEDED — THE 
SIMULTANEOUS ACTION OF A 6 POLE 200 Hi FIXED HIGH 
PASS FILTER AND A 6 POLE 1600 Hi FIXED LOWPASS FIL¬ 
TER KITH A 60 dB NOTCH WHICH IS TUNABLE OVER THE 
200-1600 Hi RANGE. THIS 3 FILTER COMBINATION IS UNBEATABLE FOR THE ULTIMATE IN QRM TREE SSB 
RECEPTION. ADJACENT CHANNEL ORM IS ELIMINATED ON THE HIGH AND LOW SIDES AT THE SAME TIME AND DOES 
NOT INTRODUCE ANY HOLLOWNESS TO THE DESIRED SIGNAL. OH CW THE SL-56 IS A DREAM. THE LOWPASS, 
HIGHPASS AND NOTCH FILTERS ARE ENGAGED ALONG WITH THE TUNABLE BANDPASS FILTER (400-1600 Hz) PRO¬ 
VIDING The NEEDED ACTION OF 4 SIMULTANEOUS FILTER TYPES. THr BANOPASS MAY BE MADE AS NARROW AS 
14 Hi (3dB) . ADDITIONALLY, A SPECIAL PATENTED CIRCUIT FOLLOWS THE FILTER SECTIONS WHICH ALLOWS 
ONLY THE PEAKED SIGNAL TO GATE ITSELF" THROUGH TO THE SPEAKER OR HEADPHONES (4-2000 OHMS). 
RECEIVER NOISE. RING AND OTHER SIGNALS ARE REJECTED. THIS IS NOT A REGENERATOR. 8UT A MODERN NEW 
CONCEPT IN CW RECEPTION. THE SL-56 CONNECTS IN SERIES WITH THE RECEIVER SPEAKER OUTPUT AND DRIVES 
ANY SPEAKER OR HEADPHONES WITH ONE WATT OF AUDIO POWER. REQUIRES 115 VAC. EASILY CONVERTED TO 12 
VOC OPERATION. COLLINS GRAY CABINET AND WRINKLE GRAY PANEL. 



sus* 

AUDIO ACTIVE KILTER 
0.5 » 5.5 I 7.5 INCHESI 


WARRANTED ONE YEAR FULLY RFI PROOF FULLY WIRED AND TESTED AVAILABLE NOW 
$75.00 POSTPAID IN THE USA AND CANADA. viaoinia aesidents ado *■* ial.es tax 

ATTN SL-55 OWNERS: THE CIRCUIT BOARD OF THE SL-56 IS COMPLETELY COMPATIBLE 
WITH THE SL-55 CHASSIS. OUR RETROFIT KIT IS AVAILABLE AT S35.00 POSTPAID 


I I □ CZD □ [ l 


ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 


OF VSWR 

REQUIRES 115 VAC AT LESS 
THAN 1/16 AMP. 

COLLINS GRAY CABINET. 
WRINKLE PANEL - BRIGHT 
RED LED DIGITS (.33"). 
DECIMAL POINT IS THE 
PILOT LIGHT. 


POWER ACCEPTED BY 



TH E LOAD 

TWO SO-239 COAX CONNECTORS 
ARE AT THE REAR PANEL. 

DIMENSIONS 3.5 x 5.5 x 7.5 
INCHES. 

WEIGHT IS 2 POUNDS. 


1.8-30 MH Z 

THE MODEL SL-65* (20-2000 WATTS) AMD THE QRP MODEL SL-65A* (0.2-20 WATTS) DIGITALLY INDICATE 
ANTENNA VSWR UNDER ANY TRANSMISSION MODE -- SSB, CW, RTTY, AM Etc. THERE IS NO CALIBRATION RE¬ 
QUIRED AND NO CROSSED METER NEEDLES TO INTERPRET. SIMPLY LOOK AT THE READOUT AND THAT IS THE VSWR. 
SPEAKING NORMALLY INTO A SSB TRANSMITTER MIC. INSTANTLY CAUSES THE VSWR TO BE DISPLAYED THROUGH¬ 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE POSITION OF A FRONT PANEL TOGGLE SWITCH AND THE DIS¬ 
PLAY INDICATES THE NET POWER (FORWARD LESS REFLECTED) THAT IS ACCEPTED BY THE ANTENNA. THE PEAK 
OF THE NET PEP IS DETECTED AND DISPLAYED WITHOUT FLICKER FOR ANY MODULATION TYPE. OISPLAY UPDATE 
IS CONSTANT YET FLICKER FREE AS YOU MAY CHANGE THE POWER ACCORDING TO YOUR VOICE. THERE IS NOTHING 
LIKE THIS QUAE I TV INSTRUMENT AVAILABLE ANYWHERE ELSE. IT IS THE ONLY VSWR-NET POWER INDICATOR THAT 
LETS YOU KNOW THE STATE OF YOUR ANTENNAS AND TRANSMITTED POWER AT ALL TIMES WHILE TRANSMITTING. 
EITHER model IS A SOPHISTICATED DEVICE CONTAINING FOUR CIRCUIT BOARDS AND THIRTEEN INTEGRATED 
CIRCUITS. 


SL-65 

VSWR INDICATOR 


WARRANTY ONE YEAR SL-65 

NET POWER INDICATOR 


• TWO DIGIT DISPLAY SHOWS VSWR 
TO AN ACCURACY OF .1 FOR VALUES 
FROM 1.0 AND 2.2. ACCURACY IS TO 
.2 FOR VALUES FROM 2.3 TO 3.4 
AND TO .3 FROM 3.4 TO 4.0. FROM 
4.1 TO 6.2 THE INDICATION MEANS 
THAT VSWR IS VERY HIGH. 


• FOR VSWR VALUES NEAR 1.0, THE 
POWER RANGE FOR A VALID REAOING 
IS 20 - 2000 WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
LIMIT FOR A FLICKER FREE VALID 
READING IS SOMEWHAT LESS (35 - 
1000 WATTS FOR VSWR AT 2.0). 


• DIVIDE THE ABOVE POWER LEVELS 
BY 100 TO OBTAIN THE PERFORMANCE 
OF THE SL-65A QRP MODEL._ 



• THE POWER DISPLAYED IS THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
THIS IS THE POWER THAT THE TRANSMITTER 
IS "TALKED" UP TO. DISPLAY DECAY TIME 
IS ABOUT ONE SECOND. 

• THE POWER DISPLAYED IS THAT WHICH 
IS ACCEPTED BY THE ANTENNA (FORWARO 
LESS REFLECTED). 

• POWER IS DISPLAYED ON THE SAME TWO 
DIGITS AS VSWR IN TWO AUTORANGED 
SCALES. 20 TO 500 WATTS AMD 500 TO 
2000 WATTS. TRIPOVER AT THE 500 WATT 
LEVEL IS AUTOMATIC EX: A READING OF 
1.2 COULO MEAN 120 OR 1200 WATTS. 

YOU MUST KNOW WHICH RANGE YOU ARE IN. 

• ACCURACY IS TO 10 WATTS IN THE LOWER 
RANGE ANO 100 WATTS IN THE UPPER RANGE. 
DIVIDE POWER SPECS BY 100 FOR SL-65A. 


PRICE: S 189.50 POSTPAID IN USA & CANADA. VA. RESIDENTS ADD 4“ SALES TAX. 


BOOKLET AVAILABLE AT 
$2.00 REDEEMABLE TO¬ 
WARD PURCHASE. 

• PATENT PENDING. 


ELECTRONIC RESEARCH CORP. OF VIRGINIA 
P. 0. BOX 2394 

VIRGINIA BEACH. VIRGINIA 23452 

TELEPHONE (804) 463-2669 


More Details? CHECK-OFF Page 118 
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Ham Radio's guide to help you find your ioc 


Arizona 


HAM SHACK 

4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 

602- 279-HAMS 

Serving all amateurs from beginner 
to expert. Classes, sales & service. 

KRYDER ELECTRONICS 

5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 

603- 249-3739 

Your Complete A mateur Radio Store. 

POWER COMMUNICATIONS 

6012 N. 27 AVE. 

PHOENIX, ARIZONA 85017 
602-242-6030 
Arizona's #1 “Ham" Store. 
Kenwood, Yaesu, Drake, loom 
and more. 


California 


C & A ELECTRONIC ENTERPRISES 

22010 S. WILMINGTON AVE. 

SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 

Not The Biggest, But The Best — 
Since 1962. _ 

HOBBI-TRONICS 

1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1103 

Atlas, Kenwood, Yaesu, KDK, 

Icom, Tempo, Wilson, Ten-Tec, 

VHF Engineering. _ 

JUN’S ELECTRONICS 

11656 W. PICO BLVD. 

LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-463-1886 San Diego 
The Home of the One Year Warranty 
— Pa rts at Cost — Full Service. 

QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world’s Radio 
Amateurs since 1933. 


Connecticut 


THOMAS COMMUNICATIONS 
95 KITTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-0811 

Call us toll free - See our full 
page ad in this issue. 


Delaware 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 

ICOM, Ten-Tec, Swan, DenTron, 
Wilson, Tempo, KDK, and more. 
One mile off 1-95, no sales tax. 


Florida 


AGL ELECTRONICS, INC. 

1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 


AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


RAY'S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 

Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 


SUNRISE AMATEUR RADIO 

1351 STATE RD. 84 
FT, LAUDERDALE, FL 33315 
(305) 761-7676 
“Best Prices in Country. 

Try us, we’ll prove it.” 


Illinois 


AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
“Amateur Excellence” 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois ■ 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:00-3:00 Sat. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 

OAK PARK, IL 60304 

312-848-6777 

One of America's Largest 

Amateur & SWL Stores. 


Indiana 


KRYDER ELECTRONICS 

GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 

FORT WAYNE, IN 46815 
219-434-4946 

Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 


Iowa 


BOB SMITH ELECTRONICS 

RFD y3, HIGHWAY 169 & 7 

FORT DODGE, IA 50501 

515-576-3886 

800 247-2476/1793 

Iowa: 800 362-2371 

For an EZ deal. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5901 

America's No. 1 Real Amateur 
Radio Store. Trade - Sell - Buy. 


Maryland 


THE COMM CENTER, INC. 

9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 

R. L. Drake, Ten-Tec, ICOM, Wilson, 
Tempo, DenTron, Mosley, Cushcraft. 


Massachusetts 


TEL-COM, INC. 

675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
617-486-3040 

The Ham Store of New England 
you can rely on. 


YOU SHOULD BE HERE TOO! 

Contact Ham Radio now lor complete details. 
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Amateur Radio Dealer 


TUFTS RADIO ELECTRONICS 

206 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 


Michigan 


RSE HAM SHACK 

1207 W. 14 MILE 
CLAWSON, Ml 48017 
313-435-5660 

Complete Amateur Supplies. 


Minnesota 


PAL ELECTRONICS INC. 

3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 

Midwest’s Fastest Growing Ham 
Store, Where Service Counts. 


Missouri 


HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. 

ST. LOUIS. MO 63132 
800-325-3636 

For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 


Nebraska 


COMMUNICATIONS CENTER, INC. 

443 NORTH 48TH ST. 

LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 


New Hampshire 


EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD. NH 03301 
603-224-9961 

Icom, DenTron & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since “55". 


BARGAIN BROTHERS ELECTRONICS 

216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 

WEST TRENTON, NJ 06828 
609-883-2050 

A million parts • lowest prices 
anywhere. Call us!_ 


METUCHEN RADIO 

216 MAIN STREET 
METUCHEN, NJ 08840 
201-494-8350 

New and Used Ham Equipment 
WA2AET “T” Bruno 


RADIOS UNLIMITED 

P. O. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 

New Jersey's Fastest Growing 
Amateur Radio Center. 


WITTIE ELECTRONICS 

384 LAKEVIEW AVENUE 
CLIFTON, NJ 07011 
(201) 772-2222 
Same location for 62 years. 

Full line authorized Drake dealer. 


New York 


AM-COM ELECTRONICS INC. 

RT. 5 

NORTH UTICA SHOPPING CTR. 
UTICA, NY 13502 
315-732-3656 

The Mohawk Valley’s Newest & 
Largest Electronics Supermarket. 


HAM-BONE RADIO 

3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
315-446-2266 

We deal, we trade, all major brands! 
2-way service shop on premises! 


HARRISON RADIO CORP. 

20 SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 
“Ham Headquarters USA” 
since 1925. 

Call toll free 800-645-9187. 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

ORISKANY, NY 13424 
Toll Free 800-448-7914 
NY < 315-337-2622 
Res. I 315-337-0203 
New & Used Ham Equipment. 

See Warren K2IXN or Bob WA2MSH. 


Ohio 


AMATEUR RADIO 

SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 


Oklahoma 


KRYDER ELECTRONICS 

5826 N.W. 50TH 

MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 

Your Complete Amateur Radio Store 


Pennsylvania 


ELECTRONIC EXCHANGE 

136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 

Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 


HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for 30 Years. 
Call Toll Free 800-523-8998. 


LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 


SPECIALTY COMMUNICATIONS 

2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 
Authorized Atlas Radio 
East Coast Service Center. 


South Dakota 


BURGHARDT 

AMATEUR RADIO CENTER, INC. 

P. O. BOX 73 
WATERTOWN, SD 57201 
605-886-7314 
“America's Most Reliable 
Amateur Radio Dealer”. 


Texas 


HARDIN ELECTRONICS 

5635 E. ROSEDALE 

FT. WORTH, TX 76112 

817-461-9761 

Your Full Line Authorized 

Yaesu Dealer. 
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' ncy Counter 


gotfe; SOQHH 


TCXO 


.1 SEC 


1 SEC 


17* - 40*C 


10 Hz 


100 Hz 


1 PPM 


$ 99 95 


100 HH 


DSI INSTRUMENTS 


10 Hz 


100 Hz 


30 MV 


1 PPM 


TCXO 


$149.95 


500 HH 


DSI INSTRUMENTS 


f MAX*550 I $149 95 I 1kHz-550MHz I Non-Componsatod 1 3 PPM 25*C 8 PPM 500 MV* 250 MV 250 MV I 6 




• i KHz - 50 MHz t Continental Specialties Corp 


NEW 

50 Hz 

1 Meg INPUT 


CSCJ 


optoelectronics 


n, and prices included m Ih. shoe. Chart ... « publish.. .n msnu..c.u..rx Mature and advertes*** appeertag m uOy l»7» DSI INSTRUMENTS only suumas .«pon«,K,., lor Ih«r o«R MWCtteahon. 


100 HH S 99.95 W/Battery Pack $119.95 
500 HH $149.95 W/Ballery Pack. $169.95 

Prices and/or specifications 
subject to change without 
notice Of obligation 


There prlcea include tactory 
installed rechargeable NiCad 
battery packs 


DSI INSTRUMENTS, INC. 

7924 Ronson Road, Dept. G 
San Diego. California 92111 


T-500 Ant.$ 7.95 

AC-9 Battery Eliminator.$ 7.95 

TERMS: MC • VISA AE - Check MO COD in US funds 
Please add I OS lo a maximum ol 110 00 lor shipping* handling 
and insurance Orders outside ol USA & Canada, please add 
S20 00 addition to cover air shipment Californio residents add 


6% Sales Tax 



























































DSI HAS DONE IT AGAIN 
QUIK-KIT II® 


INCLUDES PROPORTIONAL OVEN TIME BASE 


C-BATT-AC (W-AC9) 
^5% Factory Assembled 
100% Factory Tested 

2 PPM 10° to 
43 c C Accuracy 

9 Digits .5 Inch LED’s 
0.1 HZ Resolution 
Auto Zero Blanking 


600 MHz 


FREQUENCY COUNTER 


ban 


i C L n n n n n n 
I _f O. u u u u u u 


STBY 1 Hi M Hr 100 Mz 

OH .1Hz 1 Hz 10 Hz Onvcl 




Ids// 

/ wiHimn / 


Model 5600A 


SO Hz V0 MHz '#0 MK» - bOO MHz 


DEL 5600A KIT 






f 



FOR INFORMATION — DEALER LOCATION — ORDERS - OEM 

CALL 800-854-2049 CALIFORNIA RESIDENTS CALL 800-542-6253 




'/ BUY A 5600A: Because 95% ol the assembly Is completed by DSI 
I you are only one hour away from solving all those difficult bench 
blems, from setting the frequency of a audio signal to within 1/10 of a 
to checking the frequency of a 486 MHZ mobile radio. Whether you 
servicing a VTR, trouble shooting a PLL circuit, the 5600A is the right 
nter with accuracy that will meet any FCC land mobile, broad- 
t, or telecommunications requirements. On the bench or in the field 
5600A will do the job you need. The 5600A includes a self contained 
lery holder providing instant portability or we offer a lOhourrecharge- 
3 battery pack option Other options include a audio multiplier which 
ws you to resolve a 1/1000 of a HZ signal and finally a 25db pream- 
ler with an adjustable attenuator making the 5600A perfect for 
nmunications. TV servicing, industrial testing or meeting your QSO 
the correct frequency every time. 


FACTS ARE FACTS: With the introduction of the5600A The sun has set 
on the competition. This may sound like a bold statement on the part of 
DSI BUT FACTS ARE FACTS. No counter manufacturer except DSI 
offers a Full Range 50 HZ to 600 MHZ counter with — 9 Digits — 0 1 HZ 
resolution — .2 PPM 10° to 40 ° C proportional oven — RF pre-amp — 
600 MHZ prescaler — three selectable gate times — oven ready, standby 
and gate time indicator lights as standard features — For only $149.95 kit 
and S179.95 factory wired In fact the competition doesn’t even come 
close unless you consider $200.00 to $800.00 close With DSI having the 
best price to quality features ratio in the industry, no wonder we've 
become one of the world's largest manufacturers of high quality fre¬ 
quency counter instrumentation. 


Proportional Oven 
2 PPM 10® -40° C 


50MV 


5600A-W 


50HZ-550MHZ 


TCXO 

1 PPM 17° -40°C 


25MV 


75MV 


25MV 


500HH 


50Hz-550MHz 


TCXO 

1 PPM 17°-40°C 


25MV 


20MV 


75MV 


or NICAD PAK 


bOOOA wired factory burnod in 1 year limitod warranty 560QA kit 90 day limtlod warranty 
Prices and-or specifications subject to change without notico or obligation 


With AC-9 Adaptor 


5600A Kit .S 

5600A Wired . 

AC-9 AC Adaptor. 

T600 BNC Ant. 

BUILT-IN OPTIONS 

BA56 Rechargeable 

10 Hr. Bat. Pack. 

AM56 Audio Multiplier 

,001Hz Resolution . 

PA56 25dB Preamplifier 
with Attenuator. 


3550 OWNERS 

You can add the 
35P.2 .22 PPM 
10° to 40° C 
proportional oven 
to your 
existing 3550 

.$3.95 

. 7.95 

.29.95 

.49.95 


DSI INSTRUMENTS, INC. 

7924 Ronson Road 
San Diego, California 92111 


MODEL 3550K 

1 Ant. 

■9 AC Adaptor.. 


TERMS: MC - VISA - AE • Check MO- COO in U S Funds 
Please odd 10% 10 a maximum ol $10 00 loi snipping handling 
and insurance Orders outside ol USA & Canada, please add 
$20 00 addition lo cover air shipment California residents add 
6% Sales Tax 


tory Installed 




Price 

Frequency 

R—fl* 

$14095 

50HZ-600MHZ 

$17095 










































Repeater Jammers Running You Ragged? 


Here's a portable direction finder _■■ 

that REALLY works-on AM, 

FM, pulsed signals and random 
noisel Unique left right DF 
allows you to take accurate (up 
to and fast bearings, even on 
short bursts. Its 3dB antenna 
gain and .06pV typical DF sen 
sitivity allow this crystal 
controlled unit to hear and posi 
tively track a weak signal at very 
long ranges—while the built in 
RF gain control with 120 dB 
range permits positive DF to 
within a few feet of the transmit 
ter It has no 180" ambiguity 
and the antenna can be rotated 
for horizontal polarization. 

The DF is battery powered, can be used with accessory antennas, and is 12/24V tor 
use in vehicles or aircraft. It is available in the 140 150 MHz VHF band and/or 
220 230 MHz UHF band. This DF has been successful in locating malicious inter 
ference sources, as well as hidden transmitters in "T-hunts”, ELTs, and noise sources 
in RFI situations. 

Price lor the single band unit is $195. lor the VHF/UHF dual band unit is $235, plus 
crystals Write or call for information and free brochure 



L TRONICS 

5546 Cathedral Oaks Road 
W6GUX (Attention Ham Dept.) 

Santa Barbara, CA 93111 


Govt. SURPLUS 

ELECTRONIC 

EQUIPMENT 

CATALOG 


New ITEMS . . . New BARGAINS! 

rprr upon request'. 

■ Send today for FREE copy of 

NEW CATALOG WS-79 - and Supplement' 

Address Dept HR • Phone 419/227 6573 


FAIR RADIO SALES 

I 1016 I EUREKA • Bom 1105 • LIMA, OHIO • 45B07 I 


DIPOLE ./ANTENNA CONNECTOR 


WD6ESW 


MV 1'OUC IMO »l 0>(K»a conmKIV '>•» co«» 
SO TM KK.»»* moKMO >ntu gU»% t.IWO (M.M.t 
t««4» to acc«pt i.uai Pi plug im laadiuw 
On. ZAf, hr.pi CZM* Mling* Of, lAUI-r111*** .« 
r.iw*R«l Uvtrr'»*4 rOv« <»*•••»» r- MM 
p ■«».■! . Cwnp«mwi intulBlnn |1 ]*rpr 


BUOWIG MFG. Co. POBo.SZV R»moru.CA920»5 

Ca Rea add6N> Sales Ta« 


I PAY CASH 

for your military surplus electronics 
It you have or know ot availability: 
TT-98 TT-76 Teletypewriter 
phone me collect 

Dave-(213) 760-1000 


ALL BAND TRAP ANTENNAS! 


-<rmrrr>~ • • 


PRETUNED - COMPLETELY ASSEMBLED - 
ONLY ONE NEAT SMALL ANTENNA FOR 
UP TO 6 BANDS! EXCELLENT FOR CON¬ 
GESTED HOUSING AREAS - APARTMENTS 
LIGHT - STRONG - ALMOST INVISIBLE! 




FOR ALL MAKES A MODELS OF AMATEUR 
TRANSCEIVERS - TRANSMITTERS - 
GUARANTEED FOR 2000 WATTS SSB 
lOOO WATTS CW INPUT FOR NOVICE AND 
ALL CLASS AMATEURSI 


COMPLETE AS SHOWN with 90 ft RG58U-52 ohm feedlme. and PL259 connector, insulator*. 30 ft 
300 *>. test dacron end supports, center connector with bum In Ughnlng arrester and static discharge - 
molded, sealed, weatherproof, resonant traps 1"X6"-you >ust switch to band desired for eacellent worldwide 
operation - transmitting and reclevlng! WT LESS THAN 5 LBS 

160-80-40-20-15-10 bands 2 trap-209 ft with 90 ft RG50U - connector - Model 777BU ..$64.95 
BO-40-20-15-10 bands 2 trap — 102 ft with 90 ft RG58U - connector - Model 998BU $59 95 

40-20-15-10 bands 2 trap —54ft with 90 ft RG58U coaa - connector • Model lOOIBU $58.95 

20-15-10 bands 2 trap — 26 ft with 90 ft. RG58U coa* - connector - Model 1007BU $57 95 

SEND FULL PRICE FOR POST PAID INSURED DEL IN USA (Canada ts $5.00 e*tra for postage - 
clerical - customs - etc.) or order using VISA Bank Amertcard - MASTER CHARGE * AMER EX¬ 
PRESS Give number and ei date Ph 1-308-236-5333 9AM - 6PM week day* We sNp in 2-3 days 
ALL PRICES WILL INCREASE MAR I-SAVE - ORDER NOW' All antennas guaranteed for 1 year 10 day 
Money back trial • Made In USA FREE INFO AVAILABIE ONLY FROM 

WESTERN ELECTRONICS Dept AR- 11 Kearney. Nebraska. 68847 


O' Radio 'World 



Featuring Yaesu. Icom, Drake. Allas. Ten-Tec. Swan, DenTron, Pace, Palomar. Alda, Midland. 
Wilson. KDK, MFJ. Microwave Module, Standard, Tempo, Astron. KLM. Hy-Gain, Mosley. 
Larsen. Cushcraft. Hustler. Mini Products, Universal and Trislao Towers. We service every 
thing we sell! Write or call lor quote You Won't be Disappointed. 

We are just a few minutes off the NYS Thruway (1-90) Exit 32 


Warren 
K2IXN 

Call Toll Free 1-800-448-7914 


ONEIDA COUNTY AIRPORT TERMINAL BUILOINO 
ORISKANY, NEW YORK 13424 


Bob 

WA2MSH 

New York State Residents Call: 315-337-2622 or 315-337-0203 


GIFT IDEAS 

for the Holiday Season! 

See page 100 or request 
free catalog — write: 

HAM RADIO’S BOOKSTORE 

Greenville. MH 03048 


FACSIMILE 


COPY SATELLITE PHOTOS. 
WEATHER MAPS. PRESS! 

The Faxs Are Clear — on our full size (18-1/2" 
wide) recorders Free Fax Guide 


TELETYPE 


RTTY MACHINES. PARTS. SUPPLIES 


ATLANTIC SURPLUS SALES |2I2| 372 0349 

3730 NAUTILUS AVE BROOKLYN NY 11224 


DAMES COMMUNICATION SYSTEMS 

Ham Gear 


HP491C nwerowave ampiitrei 

$495 

Fredericks RTTY 1500A HF revr 

$650 

Collin $ 75S? revr vy gd 

$375 

R390A new. Mtfl (mtg by FAC) 

call 

Collin $ PM-?, power supply 

$175 

Collins 51J4 general coverage receiver 

Spvcul H50 

Collins KWM?A transceiver etc rnd 

$995 

Collins 75A4 ham receiver vy good 

$4?5 

Collins 31 ?Bb Vlo Console etc 

$5?5 

Collins 3011 vy qd 

$595 

Collins 516F 2 power supply 

$185 

Collins R 390A revrs overhauled eic cond 

can 

Collins 51S1 ? 30 MH/rcvr 

Spvcul 

Hammartund SP-60QJX revr 

$325 

Collins 32S3 ham transmitter vy gd 

$650 

All equipment sold checked 


and realigned 


Write lor tree catalog 


701 998-4256 


10 SCHUYLER AVE N ARLINGTON 

NJ 0703? 
















, _ SPECTRONICS BULLETIN OF 
1^ AMATEUR/SWL VALUES! 


PANASONIC “COMMAND" SERIES 

RF 2200 

RF 2200 a BAND AMiFM 

SW freqs from 3 9 lo 28 
Mh/ Double Super het 1 
erodyne Preo** c*U 
brateil tuning to 10 kH/ 

Double check tial marker I 
at WO kH/ and 125 kH/ I 

RF gam control tor AM/SW I 
BFO switch tor SSB A SW I 

Plus many more features I i\ * r.rfrt 

»uch as e«t lacks lor AC I M5T > \ nova «' 
ant A spkr Big radio I > 17^ £ ONU 

features at low price I' 4 »a 7 Of|V5 

Pi«»l3 50 Shipping *- •* / *1 ju j 


RF 2900 

RF 2900 0IGITAL AM FM 

SW trqm 3 2 10 30 MH/ 
5 digit LED display 
'cads ad bands Double 
tuperheteiodyne 1*1 cu 
(.uilry FM AFC A wide 
narrow bandwidth control 
FastfSiow tuning 
Built m AM ant Tele 
scoping whip for AMrSW 
BFO pitch control to» 
SSB/CW Ann much 
much more lor the price 
Plus $2 SO Shipping 


• 139 *). 



'27#*- 


NQVK '®" 
(|M> 

'239 H ^ 


DRESS UP YOUR REPEATER 

_===rs 

_S*\ JUST IN: SURPLUS MOTOROLA 

v'' \ 

\ \ DACE CTATin\l PADIMETC AT A 


''•V v id 

** *' o.'*’ 
k '<3° „ 


*7 IE urn ' 


»«% -fi 


JUST IN: SURPLUS MOTOROLA 
BASE STATION CABINETS AT A 
FRACTION OF ORIGINAL COST: 


V , jaI a .A 


Now is the perfect time to house your 
repeater in a great cabinet for a great 
price. These are in mint condition ex¬ 
cept for minor dents and scratches. 
Sent F.O.B. Oak Park, II. Freight Col¬ 
lect. Quantities Limited. 


TjOriffiJ LIMITED QUANTITIES — ORDER NOW: 


RF-4900 


FULL SW 
COVERAGE 

FROM 1.6 lo 31 . „ ^ _ 

MHz ALL I LIST NOW ® J 

DIGITAL /. \ f oma -V- 

^429-j 

RF 4900 DIGITAL AMfFM SW coverage trom ihioJi Mh/ 

• Full digital *eadout on ah bands • 5 d>g>t fluorescent 
readout • Premia double superheterodyne • Fasl'Slow tun 
mg • AFC on FM Narrow aide selectivity switch for 
AMiSW • BPO Pilch control • Calibration control • ANl 
switch tor AM • FE T RF circuit • RF Gam control • Inc 
ants lot FM A SW and more _ 


IMPROVE YOUR 
RECEPTION WITH 
AN AMECO ALL 
BAND PREAMP' 

• 6 160 Meters 

• 20 ♦ dB Ga«h 

• Low Price 




MODEL PLF 2 tmpioves aeak signals a*. well as image 
and spu"Out 'election Ot most receivers Oirect switching 
lo »•<- Of preamp Includes pw' SuOD 117 VAC wired A 

tested ppd $49 95 

SWL ANTENNAS 


MOSLEY SWL-7 
DIPOLE 


F01 It.13.16 19 15 
31 A 49 meters An 
inexpensive hon/on 
tai dipole with 8 pre 
tuned weatherproof 
trap assemblies that 
are the key to the 
SWL 7 s ama/ihQ 

broadband cover 
age Complete Kd 
w/mstr 


MOSLEY SWV 7 
VERTICAL 


For 11 13 16 19 25 
31 A 49 meters 6 
specially designed 
traps all housed m 
single weatherproof 
phenolic housing tor 
top DX reception 
Designed tor root or 
ground mount & 
swaged tor man 
mum resistance to 
wind vibration Few 
verticals can match 
it tor SWL fun on|y 


SL 


s 69 9 i 


OUR BEST- 


jflDRcFll^ 

AS LOW AS 

$ 58 75 

75/40 Meier 


SELLING MULTI-BAND! 


• One nail the length ol conventional halt wave dipoles 

• Multi band Mulli treguency 

• Maximum eliiciency no traps loading coils ot stuOs 

• Fully assembled and pie tuned — no measuring no culling 

• ah weather rated - i KW AM ? b KW CW or PEP SSB 

• Proven performance — more than 10 000 have been delivered 

• Permit use ol the lull capabilities ol today s S band xcvts 

• One leedime lor operation on alt bands 


40-10HD/A 40/20/15/10 Mtrs (36) .. 
80-40HD/A 80/40 Mtr bands (69) 
75/40HD/A 75/40 Mtr bands (66) 

75- 10 HD/A 75/40/20/15/10 Mtr (66) 
80-1 OH D/A 80/40/20/15/10 Mtr (69) 


$63.25 

61.25 
58.75 

78.25 
80 25 


NEW! B ** PORTABLE WHIP ANTENNA 

.... 

Smpre dependatiir wn*p .% drv-j-.l 

espeewav 'o* apartment d*.*««i *■ • 

• enters who cannot vaUt « pnm* 
nent antenna tunes ma ? 6 to t* 

?0 and 40 mete* Ameieu* ta»nos 
0**e*s vSW« at » * • «tw> pmpny 

In operating Naojenc. One' 
tor use aa a bwkf)* eme»oen<, an 
*en»va too Amocyit* *o aimosi an, 
horuontal Support »ilh a imp* C fcmp 
bracket 

We^ns Mss then 2 c*a*nds newng 
hr# base loeumg co* 1 nor used *or 


Oulc* Mounllng 

6 2 "ewii coe* *ne end counter 
pnw Whp <a ??'. tang <>sassem 

Med e.tends lo 5 ^ M uni » 14 
long powr ratmg JTk.' •••* SS 8 C* 

*32 50 

cw 

Model 370 10 M 2 SO 


SWL BOOK VALUES 



SIMPLE LOW COST Wine ANTEN 
NAS An key. How Ip ben'd low • n*t 
antenna* tor short wave listening 
invisible antenna* ‘or tough >or.a 
irons New data $4 95 

THE COMPLETE SWL MANOBOOK 

Everything eipiamed about SWL •« 
on# .oium# Easy to understand sac 
lions on receivers jntennja report 
mg ft ratification* M 95 

1979 WORLD RADIO TV HANOBOOK 

Fun detail* on every shortwave & Tv 
station m th® wo*‘d frequency can 
■ettar* programs language add'*** 
etc THE reference $14 95 

BETTER SHORTWAVE RECEPTION 

loaded with t.p* on .mprov.ng yOu' 
listening tin we 1 how to ad|ust 
receivers »o» best pe*tormanr N how 
to buy receiver* X antenna* $4 95 


PHONE: (312) 848-6777 


CD17r^T , 'DOXT¥P l C INC — 1009 garfielu st..| 

□l I-iVJ 1 I\U1\1Lil), OAK PARK. ILL.-60304 


More Details? CHECK-OFF Page 118 













ANNUAL LAS VEGAS PRESTIGE CONVENTION 


DUNES HOTEL & COUNTRY CLUB 

Las Vegas, Nevada 

JANUARY 10-13,1980 


BIG HAM SHOW 

What's all the chatter and noise we hear ? 

It’s HAMS! Checkin' out mobile gear. 

It’s SAROC time in the gamblin' State 
Send your reservations in, before it's too late. 
January 10 thru 13 that's the time to go 
To see ham friends and attend a show. 

The YL's will love it — so much to do 
One arm bandits and a luncheon too. 

There’s a great first prize — Many others, 
as well 

You might be a winner — You never can tell. 
You missed the ham convention that's rated 
best. 

So let’s get ready, get set and go 
To eye ball at SAROC — THE BIG HAM 
SHOW! 

by xyl of K6SF 


Advance Registration $15.00 per person * 


Special trltili rate $33.00 plus tax 
per night — single or double occupancy 

A Dunes Hotel reservations request 
card will be sent to exhibitors and 
delegates 


Send check or money order to k lJL MM 
P.O. Box 945, Boulder City, NV 89005 

•Refunds will be made if requested in writing and 
postmarked before January 9 


TAKOC 

BOX 945 

BOULDER CITY, NEVADA 89005 


114 


november 1979 


More Details? CHECK OFF Page 118 























A Knob with a new 

twist "VRS" 


Swan Astro 150 Exclusive 
Microprocessor Control 
w/memory gives you over 
100,000 fully synthesized 
frequencies, and more! 


■ VRS — Variable Rate 
Scanning, a dramatic new 
technique for unprecedented 
tuning ease and accuracy 

■ POWER — 235 watts PEP and CW 
on all bands for that DX punch 

■ Advanced microcomputer 
technology developed and 
manufactured in the U.S.A. 

■ Price? See your authorized SWAN 
dealer for a pleasant surprise! 


■— 2 , fine 




f A 


,rr*FGAiN 
KEY/MIC <tllFGAIN 

^ > 1 ' 


1 H B 1 i 

3.9 


FULL 

TdBAR.' ‘ 


3 

SEMI 
f)PF AK IN 

ASTRO 150 SSB TRANSCEIVER 





Nb VOX UN 



STBY 


14.0 

7.0. I-S..2I0 


’t: 


28.0 


\ 



BAND 




u 







Dual Meter 

Reads PEP 
output in watts 
and receive 
"S" units. 


Mike Tuning 

For accurate 100 Hz 
steps or fixed rate scan. 


Full 

Break-in 

CW 

(or semi, 

switch 

selected) 


Wide Frequency 
Coverage 

10M — 28.0-30.0 MHz 
15M —20.8-23.0 MHz 
20M — 13.8-16.0 MHz 
40M — 6.0-8.3 MHz 
80M — 3.0-4.5 MHz 
160M — 1.8-2.4 MHz* 
*in lieu of 10M band 
on Model Astro 151 


PSU-5 ^ «T 
Power Supply I 
with Speaker 



HE MOST ADVANCED HF SSB TRANSCEIVER AVAILABLE. 

OLID-STATE ASTR01R 


ASTRO ISO 
Transceiver 



ST-3 Antenna Tuner 


ASTR0150 


SMHN 

ELECTRONICS 


A mvntm o* th* Ccnxvafton o* camp#r**t 

305 Airport Road / Oceanside, CA 92054 / 714-757-7525 




































STEP UP TOTELREX 

WITH A 

TELREX "BALUN" FED—"INVERTED-VEE” KIT 
THE IDEAL HI PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 
MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 



"H 


Telrex "Monarch'' (Trapped) I.V. Kll 
Duo Band/4 KWP I.V. Kll S66.50 
Post Paid Continenlal U.S. 


Optimum, full-size doublet performance, independent of ground conditions! "Balanced- 
Pattern", low radiation angle, high signal to noise, and signal to performance ratio! 
Minimal support costs, (existing tower, house, tree). A technician can resonate a 
Telrex "Inverted-Vee" to frequency within the hour! Minimal S/W/R is possible if 
installed and resonated to frequency as directed! Pattern primarily low-angle. Omni¬ 
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required! 
Complete simplified installation and resonating to frequency instructions supplied with 
each kit. _ 


For technical data and prices on complete 
Telrex line, write for Catalog PL 7 (HRH) 


hi** it i\i• tinit u\* 


GRAB 



These < 3 SM 

are for you / 

600 Hz 6-Pole First - IF Filter for Drake R-4C 


Optimum bandwidth Ipw lots Improve the early »leg» select...t» El.mmale 
tiros* ft .^1 patched b*«t not** Itom i.grull th#t »r*k arouml the iwUctieW* secunat 
IF filler Uin.rru/r the chance of mono tifnelt oetrloed.no th* second 
earning 'biermodulation and dt*trn>t'/ation Both th* eantino l.lltr ansi our 
CF 6U0 f. ten tic mounted in the <eori**i and •*!** switched to retain phone 
capatxl.t.es CF 600 6 $00 00 Relay sw.tch k.t $33 00 


125 Hz 8-Pole Second - IF Filter for R-4C 

Situ that twit a.a.lafrl* 1 276 Hi at CO «JU' Cut* ORM ld**4 «or DX and contest 
work Unexcelled under ctirwtled band eond.bon* More ta4act.ee than asad.o 
filters Putt setect.estv m ACC loop Unt.ke w-th audio filters, iao.ee. «am not 
•erlucad by ORM otiivsJt pettband CF ITS tl $130 00 


Superior 8 Pole CW Selectivity for TR 4s 

350 M/ at 6 dB 850 H/ at 60.1H Cuts QRM Mure select.ee ther. 6 pole CW 
lillai in tH 4Cw For all TH 4» S/N 26.000 and above CF 360 8 $120 00 

Switch and mounting kit $10 00 


Signal/One CX-7, CX-11 8 Pole CW Filter 

All pur note CW bandwidth lowlou. 350 Mr Isleal f or R T T V CS 350.8 $12000 


NEW ELECTRONIC PARTS 


Brand name, first lino components Stocked in depth 
24 hour delivery Low prices and money back guarantee 
on all products wo carry 

STAMP BRINGS CATALOG 


SPECIALS 

Keyboard Enclosures 



WDM PRICE 
14 8 3' 3 5*6 SO 

17' 8 3" 3 *9 95 

20 8 3 3 ?0.*S 

14 113 3 *8.75 

irtlJT 20.50 
20" 11 3" 3” 22.65 


Blue Base, specify white or black lop 


SB SHIPPING 
I INCLUDED 
- 1 IN PRICE 


UT4 SPEED CVTR BOARD 
KIT $109 95 

BOARD ALONE $18 95 
AUTO CW ID KIT $27 90 


Daytapro Electronics. Inc. 

30?9 N WILSHiRE LN ARLINGTON HTS ILL 60004 

PHONE 312-870-0555 _ 


16 Pole R-4C SSB! 

Raduca ORM. leakage. overload bta»ker false ir.gget.ng 
Ove’all shape 'actor 14 JliHt tt 6dB. 7 8kH/at «WB 
CF 7K B pair $120 00 Relay swrtch kits Hart at $33 00 

3kHz 8-Pole Filter for 
R-4C, R-7, TR 7 

Sharpest AM fitter, atsu wideband SSB m 1 bn* Opt.anol 
l««u AM filter refay switch k.t tor H 4C $33 00 CF 3K.8 
lo.H4CC0 3K8fu.RMRf $80 00 

R4C FRONT PANEL DC CONTHOL/AGC DUAL 
FUNCTION ROTARY SWITCH $19 00 Can switch 
relays fnr CF 600/6. CF 2K/B. CF 3K/8. and aiming 
• kHz first IF filter 

Sherwood Engineering Inc. 

1268 South Ogden St. 

Denver. Colo 80210 
(303)722-2257 

Money back if not satisfied /dNWk 

Add S3 per order thtpiitog. 

$6 overseas air 

Dealer Inquiries Welcome wvt 


’mtm 


10 Watts In • 75 Watts Out 

2 Mtirt f M or SSB Amplilwi 

Featured In MOTOROIA A|»f> Note AN 791 

Complete Kit Modd 87 ^K $99 95 

See article in Sept 79 QST pgv 11—16 

COMMUNICATION CONCEPTS.INC. 

2648 North Aragon Ave. 

Dayton. Ohio 45420 
Phone: (513) 294-8425 

UHF Kits Also Available Send For FREE Data Sheet 


The greatest buy in 1978 is now an 
even better buy in 1979' Jam packed 
with theory, construction projects 
and information — everybody should 
have a copy of this super Handbook. 
Small size fits perfectly on your book¬ 
shelf. Also contains tube and semi¬ 
conductor information deleted from 
the 1979 edition. This still current 
Handbook can be yours at the incred¬ 
ibly low price of $2.95 each - _ 


A R H B 78 


Now # 2 - 9 * 


Send check, money order VISA or Master Charge 

Ham Radio’s Bookstore 

Greenville. New Hampshire 03048 


COMPLETE YOUR FT-101 


r*aur ADD FM TO 
ALL ORIGINAL 

_ “ MODELS OF THE FT-101 
MARK 1 THROUGH “F’ 

TRANSMITTER UNIT S30 .«*. m u» 

w. ~, vmp* -UMMHrn *n*Se »1 tOt Ady/il 

«* p» rwv. mUmirtWenwiuri 

I V MM hf.ii'.^*xi«wy 

RECEIVER UNIT $100 1 **< .«u<u, 

Nvgt au*>•*. apinaM*iru I' 'Oil M4I medM* |a»**mg* 
mg i tot era '»vttn> to odei an sitdn c utliw *wde t.yvU far 

UfuMA *VU $$4 Alt KMwMraM 

BOTH UNITS: S12S«m«uu> 

use On »• MHz IM Channen Or.•city at on A mate** 

2 m*«ert eirO iu 44 C MHZ ••• t.*r»er*rr*. 

ALSO AVAILABLE 

ijouu.tCXU M n**er knn c*c» er*J b^v-*ter pelnr* 

nu.rv- -ae.lt . O' anil' *» !*.<* ., ny-xawt l\n »- . 

OHDtk from fo. ItngoCo.p Bo. I 4 A 44 W Palm B**c> • l M 40 A 
For VISA ox MASTfR CMARQF o.(tar* telep h one <XHf 443*547 


HOLDINGS PHOTO AUDIO CENTRE 

)«.4t MiNC'hO l*N| 

•lAC*SU*N BBi 2 Af tNOLAND t*. 0254 5 * 5*5 




























For fastest delivery, use 


CALL (616) 982-3411 


tbe Heathldt Hot Line 


tOI Heath Company. Dept. 122 590 


Benton Harbor. MI 49022 


Please send me 


Heathkit Hand-Held DMM(s) (IM-2215) 


@ $94.95 plus $1.75 shipping and handling each 


Rugged Leather Carrying Case(s) with Belt Loop for IM 2215 


(IMA-2215-1) @ $14.95 plus $1.60 shipping and handling each. 


fl-® I y 


The new Heathkit Hand-held DMM 

every feature you need 
at a GREAT LOW PRICE 


• Measures voltage, current and 
resistance 
• Easy one-hand operation 
• Big, easy-to-read LCD display 
• Separate voltage and current 
inputs for circuit protection 
• Single PC board for simple, 
quick assembly 


If coupon is missing, order from: 
Heath Company. Dept. 122-590 
Benton Harbor. MI 


City_Stats- 

Prices are mail order and subject to change without notice. 


Top performance 
and easy operation 
make the Heathkit IM-2215 
your best buy in a solid- 
state, hand-held multimeter! 


The new IM-2215 brings you features you would 
only expect in hand-held digital multimeters 
costing much more! Take measurements with 
outstanding accuracy - DC voltage, ±.25% 

AC voltage. ±.5% DC current. ±.75% 

,25% (basic)! 
Alternating high-low resistance test voltage 
makes measuring semiconductors or in-circuit 
resistance easy! One-hand operation, a large 
3^2 -digit LCD display and built-in calibration 
"-2215 ideal for field use 
A pivoting stand adapts it to bench use. The 
low-drain circuitry stretches typical alkaline 
battery life to 200 hours! Battery condition is 
monitored, and a LO-BAT indicator warns you 
of the last 20% of battery life. 

You can easily assemble the IM-2215 in just one 
night, with the help of the clear, concise Heath¬ 
kit assembly manual. And if you need advice or 
service, experts are as close as your telephone! 
It operates on 9-volt battery (not included), or on 
120 or 240 VAC with optional cords. The latest 
technology and traditional Heathkit value is now 
built into a new hand-held digital multimeter 
weighing only 14 ounces! 


120 VAC Outlet Cotd(s) lot IM-2215 (PS-2350) @ $4 95 plus 
$1.75 shipping and handling each. 

Total before shipping 8e handling-$- 

Michigan residents add 4% sales tax-$- 

Add shipping & handling-$ 

Total- S- 

D check D money order □ VISA [ I Master Charge: Code# _ 


Signature 


E*p. Date 


(Necessary to send merchandise) 


(Please Print) 
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LET’S TALK TURKEY 

Cushcratt "boomer" .. $69.95 

KLM 144-148- 131b . 59.95 

OMNI-J $ heavy duty magnet mount 

complete. 49.95 

TRIEXW-51 FT self-support tower (Reo 
$891) Your cost (FOB California) . 781.00 

Tonna F9FT Antennas 144/16 el.89.96 

Klltzing VHF-UHF Amplifiers 

2M 10W In - 100W Oul.179.00 

432 10W in • 50W Out.189.00 

Bird 43 and slugs, UPS paid in USA slock 

Microwave Modules 432-28S.299 00 

Deluxe Amp. 432-100W output . ..449 00 
Telrex TB5EM. in stock .. 415 00 

New Palomar Engr. Trans. Preamp 89 50 
Bencher Paddles — 39.95 Chrome 49.95 


ETO 76 Amplifiers .. 

slock 

Lunar 6M-2M-220 In Line Preamps 

4995 

Lunar 2M Amp 10*80 w/Preamp. 

UPS Paid USA 

198.00 

Janel QSA-5 

41 95 

Ham X 

NEW Ham 4 

189 00 
139 00 

VHF Engrs blue line amps 
VHFK.ts 

stock 

slock 

Cetron 572B 

29 50 

Midland 13 509 220 MHz - 12ch 10W 159 00 


13-513 220 MHz synthesized 

20 10-2W 389.00 

Motorola HEP 170.0 29 

Mallory 2 5A/1000 PIV Epoxy Diode 0.19 
Non Linear Systems Miniscope ■ 15 318.00 
Miniscope 215 435.00 

— 10%. accessories available 
Aerovox 1000PF/500V Feed thru 1.95 

GE6146Bor8950 7.95 

Technical Books: Ameco. ARRL. Sams. 

Tab. Rider Radio Pub , Callbook, Cowan, 

etc.Call 

NEW Belden 9405 (2»16H6#18) 8 wire rotor 
cable heavy duly lor long runs 0 28 

8448 std 8 wire rotor, per It 0 17 

9888 doubleshteld RG8 Foam, per It 0 42 
8214 RG8 Foam 0.26 

8237 RG8 0.23 

8267 RG213.0.27 

Amphenol Silver Plate PL259 0 69 

Times Vz" Foam Hardline $0 65/tt. — 
Connectors ea 15.00 

7/8* Hardline$1 50/ft — 

Connectors ea 25 00 

Berktek RG8X. 52 ohm. KW per It 0 16 

Consolidated HD-18 Ga Galv Tower, 

10' section . 29 95 

Robot "Slow Scan" Now in Slock Call 
Alliance HQ/3 Rotor 109 95 

Telelow'i-sell support 
55 ft/w breakover 549 00 

401t/w breakover ,., 399.00 

Swan TB4ha. TB3ha. TB2 20% oil list 

Collins replacement pans available. 

Telrex Antennas? In Stock! 

Looking tor antique parts? 

Write specific need to W5GJ 

THIS MONTH’S SPECIALS: 

Icom IC280 — $349.00 
DenTron GLA 1000 Amp. $319.00 
Bearcat 250, 220 — $299.00 
DenTron Clipperton L — $599.00 

MASTER CHARGE • VISA 

All prices fob Houston except where indicated 
Prices Subiect to change without notice, all items 
guaranteed Some items subject prior sale Send 
letterhead tor Dealer price list Texas residents 
add 6°^ tax Please add postage estimate $1 00 
minimum 

MADISON 

ELECTRONICS SUPPLY, INC. 
isos mckinney 

HOUSTON, TEXAS 77002 
713/658 0268 
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ALPHA 374A 


Rato By KL »€^STHOM 


THE VERY FINEST ANSWER TO YOUR NEED for one 
to two kilowatts of solid HF power: a superlative ALPHA 
linear amplifier - FIRST in performance, in convenience, 
in quality and durability 

Brute RF power without time limit, whisper-quiet opera¬ 
tion, instant no-tune-up bandchanging, high speed 


break-in (QSK), the ability to cover any newly-assigned 
HF band - there’s an ALPHA perfectly suited to YOUR 
requirements. 

ALPHA: power in a class by itself For complete details, 
contact your ALPHA dealer or ETO direct. 



EHRHORN TECHNOLOGICAL OPERATIONS. INC 
BOX 708. CANON CITY. CO 81212 (303) 275-1613 












CALL TOLL FREE 


A • 80< 1 0 




KENWOOD TR-7625 
25W transceiver 

The unit has memory channel with simplex 
or repealer operation i600 KHz transmitter 
offset mode switch for switching the trans¬ 
mit freq up or down full 4 MHz coverage on 
2m (144 00* 147 995) 800 channels. 5 KHz 
offset switch. MHz selector switch digital 
freq display, unlock indicator for trans¬ 
ceiver protection 



425.00 


wwr 

SPECIAL PRICE! 


t Call lor quote 



1 

J c: ' 

' 

EE 


t'ir 


SPECIAL PRICEIj 





KENWOOD TR-7600 
2m FM transceiver 

Featuring lull 4 MHz coverage 144 
148 800 channels. iO'W RF 

oulpul/1 W Lo. memory channel with 
simplex or repealer offset. 13 8 VDC 
at 3 A continuous Also LED freq 
display lone pad terminal and band 
pass filler RM 76 microprocessor 
unit avail 

375.00 List Call lor quote 



KENWOOD 
MC-45 

touchtone mic 

Touchtone circuit provides PTT 
(push to talk) with V? second 
hangtime after any button is pushed 
Dynamic, omnidirectional. 500 ohm 
impedance mic with adjustable tone 
output level Power requirement 8 
VDC. 20 mA Complete with coiled 
cord and 5 pin mic connector Com¬ 
patible with the TR-7600 and TR- 
7625 with no modification 

49.95 Call today 


KENWOOD TS-700SP 
all mode 2m transceiver 

Covers the entire 2 meter ba. i SS9 
CW, FM AM and semi-break in CW 
side tone monitor digital frequency 
readout receiver preamp and 600 
KHz repeater offset operation within 
all 2m repeater subbands including 
the new 144 5-145 5 MHz 10 watts 
RF output complete with AC/DC 
power supply 

799.00 List Call tor quote 


Introducing ( SS a 

KENWOOD 1 

TR-2400 fiST 

synthesized 
2m hand-held jjjjy 

transceiver 

143 900-148 495 MHz operates on 
MARS. 10 memories, automatic 
memory scanning and up/down 
manual scanning for busy or open 
channel mode switch for standard 
repeater * 600 KHz, offset simplex 
and non-standard repeater splits 
digital readout built-in touch tone 
generator with 16 button keyboard, 
and 1 5 watts RF output Includes flex 
antenna with BNC connector. NiCad 
battery pack and charger 
349.00 Call today 


KENWOOD 
TS-120S 
HF SSB 
All solid state 
transceiver 

No tune up needed on this extremely 
small unit with miniaturized circuits 
and solid state construction Has 
built-in digital display cooling Ian IF 
shill built-in protection tor the final 
transistor VOX noise blanker 25 
KHz marker The freq range is 80 lo 
10 meters and WWV modes SSB 
and CW power requirements 
Receive -6 7A 13 8 VDC transmit - 
18A 13 8 VDC 200 watts PEP 
699.95 List Call lor quote 



KENWOOD AT-120 
antenna tuner 

For use with the TS-120S Frequency 
range 3 5 thru 29 7 MHz input 
impedance 50 ohms output imped 
ance 20-300 ohms unbalanced 
(coax led), max power 150 watts 
tuning range 10 1-10 1 SO-239 

connectors SWR meter insertion 
loss less than 0 5 dB at optimum 
match 6'W x 2VH x 6VO 

99.95 List Call for quote 




S Longs Electronics @ 

MAIL ORDERS P O BOX 11347 BIRMINGHaUvAL 35202 • STREET ADDRESS 2808 7TH AVENUE. SOUTH BIRMINGHAM ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM til 5:30 PM, Monday thru Friday 
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SOMETHING DIFFERENT 
The FT-107 Series with “DMS”* 



66 


It’s A Cut Above The Rest 


~ * OPTIONAL DIGITAL MEMORY SHIFT (“DMS") ~] 
12 discrete memories. Stores individual frequencies 
or use as 12 full coverage VFOs (500 kHz each) 


Solid State 

240 watts DC SSB/CW 
160-10 meters, WWV 

(2 auxiliary band positions are 
available for future expansion) 

RF Speech Processor 
SSB, CW, AM, FSK 
Built-in SWR Meter 

• Excellent Dynamic Range 

• Audio Peak/Notch Filter 

• Variable Bandwidth 

• Full Line of Accessories 


^4 


f* 






The FT-107 has been created as a result of a blending of technologies — computer, solid 
state and RF design By careful utilization of these disciplines and the experience gained from 
our FT-301 series. YAESU has achieved an HF transceiver which offers unique features 
(e. g. "Digital Memory Shift"), efficient operation and a level of performance that has been 
previously unattainable. 


RECEIVER: 

Sensitivity: 0.25 uV for 10dB S/N, CW/SSB, FSK 
10 uV for 10dB S/N. AM 
Image Rejection: 60dB except 10 meters (50dB) 

IF Rejection: 70dB 

Selectivity: SSB 2.4 kHz at 6dB, 4.0 kHz at 60dB 
CW 0.6 kHz at 6dB. 1.2 kHz at 60dB 
AM 6 kHz at 6dB. 12 kHz at 60dB 
Variable IF Bandwidth 
20dB RF Attenuator 
Peak/Notch Audio Filter 
Audio Output: 3 watts (4-16 ohms) 

Accessories: FV-107 VFO (standard not svnethized) 
FTV-107 VHF (UHF Transverter) 
FC-107 Antenna Tuner 
SP-107 Matching Speaker 
FP-107 AC Power Supply 

And Spot;ilic aborts Subject To 
• Without Notice Of Obligator 

1179 


TRANSMITTER 

Power Input: 240 watts DC SSB/CW 
80 watts DC AM/FSK 

Opposite Sideband Suppression: Better than 50dB 
Spurious Radiation: 50dB 
Transmitter Bandwidth 350-2700 hz ( 6dB) 
Transmitter: 3rd IMD 31 dB neg feedback 6dB 
Transmitter Stability: 30 hz after 10 min warmup 
less than 100 hz after 30 min. 
Antenna Input Impedance: 50 ohms 
Microphone Impedance: 500 ohms 
Power Required: 13.5V DC at 20 amps 

100/110/117/200/220/234V AC at 650 VA 


The radio. - 


YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount. CA 90723 • (213) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 Princeton-Glendale Rd .Cincinnati. OH 45246 






Heathkil SB-221 linear amplifier 
uses EIMAC3-500ZS for 
efficiency,economyand performance. 



varian 


Designed for 
rugged service. 

The new desktop Heathkit 
SB-221 linear amplifier pro¬ 
vides up to 2000 watts 
PEP input for SSB and 
1000 watts input for 
CW service. Only 100 
watts drive power is re¬ 
quired to achieve these 
power levels. 

Designed for rug¬ 
ged contest and traffic 
service, the SB-221 uses 
the highest grade compon¬ 
ents including two EIMAC 
3-500Z high gain power 
triodes, well-known for their 
reliable, efficient performance. 

One thousand watts of plate dissipation 
is available from the two tubes, providing 
ample safety factor for long life service. 


The designer’s choice. 

Top-notch equipment designers, such as 
Heathkit, choose EIMAC power tubes 
for commercial as well as amateur prod¬ 
ucts. The 3-500Z power tube used in 
the SB-221 also serves in many commer¬ 


cial broadcast, FM and point-to-point 
radio systems where reliability and long 
life are paramount. 

Make sure this fine EIMAC 3-500Z 
is in your equipment. For full details and 
a data sheet on the 3-500Z, write Varian, 
EIMAC Division, 301 Industrial Way, 
San Carlos, CA 94070. Or contact any 
of the more than 30 Varian Electron 
Device Group Sales Offices throughout 
the world. 



